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ERRATA 


Title page, September, third title, read probable for possible; fourth 
title, of apple. 

Page 9, DIPPENAAR abstract, paragraph 2, line 2, read .02 per cent 
for 02 per cent ; read HgCls for read HOI for HCL. 

Page 22, last line, read was /or were. 

Page 83, paragraph 2, lines 2 and 3, read SPRAGUE and HEALD 
/or HEARD and SPRAGUE. 

Page 90, citation 5, road SPRAGUE, R., and F. D. HEALD for 
HEALD, P, D. and R. SPRAGUE. After of (m title), add the. 

Page 234, table, column 1, last paragraph, read for 19 for of 19. 

Page 239, line 6 from bottom, road systemieallj for systematically. 

Page 271, last line, read PARSON for PARSONS. 

Page 362, line 16, read direction of the force, applied at the edge for 
direction of the applied force, i.o., the edge. Lines 17 and 19, read plane 
for place. 

Page 392, last paragraph, line 1, read diseases /or disease. 

Page 431, paragraph 2, line 5, read 35.6"^ in two experiments, this tem- 
perature is near the maximum for infection. In . . . for 35.6° in 11 days 
at 8°. . . . 

Page 472, Summary, paragraph 2, line 4, a/tar sugar add beet. 

Page 602, paragraph 3, line 5, read 2.68 jj for 2.88 p. 

Page 608. paragraph 2, line 8, read did not suffice for sufficed. 

Page 620, transpose line 10 to end of third line from bottom. 

Page 785, Summary,' paragraph 3, read curt%ii for eurtissii. 

Page 800, for line 3 suhstitufe period the temperature varied consider- 
ably and the humidity remained. 

Page 824, line 8, delete quotation marks after uncommon; line 9, add 
quotation marks a/^er 1827-1831. 

Page 962, Summary, last paragraph, line 3, read July and August for 
June and July. 
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on satsuma orange, in Florida, 385 j spp., 
oeciirrenee, in Florida, 384 
Newton, Margaret, and A. M. Brown, 
Studies on the resistance of wheat and 
oats to stem rust, 25; T. Johnson, and 
A. M. Brown, Stripe rust in Canada, 
25-26 

Nicandra physaloides, affected by mites, 
622 

Nichols, B. A., see Bressman, E. N. 
Nicotiana, glutinosa, as test-plant for virus, 
752; spp., inoculation of, with viruses 
of yellow mosaic, 969; spp., isolation of 
yellow-mosaic viruses from, 965-974; 
tabacum, anatomy of ^ ' Kroepoek-dis- 
eased’^ leaf of, 175-190; tabacum, and 
sugar beet, comparison of viruses on, 
451-458; tabacum, mosaic virus of, 749 
Nitrogen, source of, effect on sporulation 
of Phyllosticta solitaria, 515-517 
Nongreen spotting, anatomy of, 247; of 
pineapple leaves, 246 

Norton, J. B. S., see Heuberger, J. W.; 
and J. W. Heuberger, Factors influenc- 
ing type and sequence of tomato-mosaic 
leaf abnormalities, 26 

Nutrition as a cause of fungus mutation, 
617 

Nyasaland, new species of Sclerospora 
from, 587-595 

Oat, smut, control of, 825; -smut fungi, in- 
heritance of chlamydospore character- 
istics in, 16 

Oats, resistance to stem rust, 25 
Okra, inoculated with Verticillium dahliae, 
125 

Olea, host of Bothiorella ribus; 929 
Olive, development and control of knot, 37 
Onion, Allium cepa, resistance to pink 
root, 292-293 ; varietal differences, 295, 
296 

Oospora, citri-aurantii, on citrus in Brazil, 
737 

Oospore production, Pythium, humus-ex- 
tract agar for, 745 

Oospores, germination of, of Pseudoperono- 
spora humile, 485-487; of Sclerospora 
butleri, n. sp., 587-595 
Ophiobolus graminis, ascospore ■ discharge 
in, and its probable relation to the de- 


velopment of whiteheads in wheat, 721- 
728; incidence of, in South Australia, 
722; longevity of the spores of, 725; 
spore dissemination of, 725 
Orange, Navel, Sphaceloma fawcettii var. 
viscosa, n. var., cause of scab in Brazil, 
538-545 ; Nematospora coryli on, in Flor- 
ida, 384; satsuma, N. coryli on, in Flor- 
ida, 384; satsuma, N. gossypii on, in 
Florida, 385; sour, Sphaceloma fawcettii 
on, in Brazil, 544; sweet, Sphaceloma 
on, in Argentina, Brazil, and Paraguay, 
544 

Orchard grass, sclerotiiim from, 867 
Orton, C. E., Eeaction of tissues from in- 
dividual plants to soft-rot bacteria, 26; 
and Alfred E. Stanley, Serum-aggluti- 
nation studies with soft-rot bacteria, 27 
Overwintering, of Phytomonas pruni in cul- 
ture, 795; of P. pruni in leaves, 797; 
of P. pruni in twigs, 797; of P. pruni 
on peach, 787 

Oxalis, sperniatia of corn rus on, 923 
Ozonium texanum, n. sp., on cotton stalks 
and roots in northeast Texas, 24 

Panicum, barbinode, host of pineapple 
mealy bug, 213, 249 ; grass, host of pine- 
apple mealy bug, 213, 249 
Parasitism, discussion of, 855 
Pathogenicity, and environal studies, on 
Verticillium hadromycosis, 117-154; of 
Diaporthe crotalariae, n. sp., 601-603 ; 
of Ehizoctonia bataticola, at h|gh tem- 
peratures, 949-963; of Y. albo-atrum, 
125-128; of V. dahliae, 125-128; of 
Wojnowicia graminis, 1001-1002 
Pathologic changes in anatomy of leaves 
of sugar beet affected by curly top, 679- 
712 

Pathology, of Chionodoxa lueiliae infested 
by Tylenchus dipsaci, 620'; of Chrysan- 
themum hortorum infested by Aphelen- 
choides fragariae, 622; of Colchieum 
speciosum album infested by T. dipsaci, 
620; of Digitalis purpurea infested by 
T. dipsaci, 620 ; of potato disease due to 
mites, 622-624 ; of tobacco black shank, 
605-612; plant, contribution to land- 
utilization program, 404-406 
Paxton, G. E., Consistent mutation of 
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Helminthosporium sativum on a no- 
nltTogeii medium, 617—619 

Pea, relation of different legume mosaics 
to, 564; sweet, relation of different le- 
gume mosaics to, 564 ; wilt, seed-borne 
bacteria main cause, 14 

Peacli, Armillaria mellea on, 28 ; Bacterium 
tumefaciens on, 28; brown rot, distribu- 
tion of losses from, in the United States, 
978; brown rot, in cars, in the United 
States, 980; brown rot, losses from, in 
the United States, 979 ; description of 
spring cankers of Phytomonas pruni on, 
787; description of summer cankers of 
P. pruni on, 787 ; Heterodera radicieola 
on, 28; mosaic, 17; overwintering of P. 
pruni on, 787 ; Polyporus curtisii cause 
of heart rot, 28 

Peanut, Arachis hypogaea, leaf spot, 627- 
640 

Peas, influence of root rot on, 16-17; rela- 
tion of soil fertility to incidence of 
Aphanomyces root rot of, 36 ; studies of 
varieties resistant and susceptible to 
Pusarium wilt, 36 

Pecans, Nematospora coryli, on kernels, 
1000-1001 

Pellicularia koleroga, synonym of Gor- 
ticiuni koleroga, 876 

Peltier, George L., Physiologic forms of 
•wheat stem rust in Kansas and Nebraska, 
343-356 

Penicilliuin, digitatum, on citrus in Brazil, 
737; effect of vitamins on growth of, 
929; italicmn, on citrus in Brazil, 737 

Pennisetum typhoideum, Selerospora gra- 
minieola on, in Nyasaland, 587, 593 

Pentathionates, physical properties of, 159- 
161; preparation of, 158-159; quantita- 
tive analysis of, 161-163 

Pentathionie acid, and its salts, 155-174; 
preparation and physical properties of, 
163 ; toxicity of, 168-171 

Pepper (Capsicum sp.)? affected by mites, 
622 ; downy mildew of tobacco on, 837 ; 
inoculated with Vertieillium albo-atrum, 
124, 127 ; inoculated with V. dahliae, 124, 
125, 127 ; Nematospora coryli on, in Plor- 
ida, 384 

Periderm, formation in intumescences, 289 


Peronospora, effusa, infection of seed elus- 
ters of spinach by, 7; frequency distri- 
bution of spore size of, 838 ; hyoseyami, 
on tobacco, pepper, tomato, and eggplant, 
837 ; sehleideni, resistance in Allium 
fistulosuin to, 109-110 
Persea, amerieana, Dothiorella ribis from, 
929; host of D. ribis, 929 
Person, L. H., A bacterial blight of the 
broad bean in Louisiana, 27 
Phaseolus, limensis, resistance to Bhizoc- 
tonia bataticola, 954; lunatus macro - 
carpus Benth,, scab disease, 622 ; lunatus, 
resistance to Bhizoctonia bataticola, 953 ; 
vulgaris, as test plant for virus, 752; 
vulgaris, environmental factors in rela- 
tion to transit diseases of, 411-445; vul- 
garis, mosaic, 562; vulgaris, Bhizoctonia 
bataticola causing seedling stem blight 
of, 949-963 

Pheidole niegacephala, ant, attendant of 
pineapple mealy bug, 213 
Phenology, new journal of, 316 
Phoma terrestris, cause of pink root of Al- 
lium, 290; resistance in A. fistulosum to, 
109—110 ; resistance of cultivated species 
of Allium to, 290-298 
Phomopsis, eallisteplii, cause of stem canker 
of China aster, 20 ; crotalariae, n. f. nom., 
imperfect stage of Diaporthe crotalariae, 
n. sp.,600, 604; on citrus in Brazil, 735 
Phyllactinia corylea, on crape myrtle, com- 
parison with Erysiphe lagerstroemiae, 
1002-1003; on crape myrtle in Alabama, 
1003 

Phyllostieta, causing leaf spot of citrus in 
Brazil, 736; effect of vitamins on growth 
of, 929; solitaria, autolysis in culture, 
522 ; solitaria, cardinal temperatures, 
521; solitaria, factors affecting sporula- 
tion in artificial culture, 503-524; soli- 
taria, new culture medium for, 514; 
solitaria, nonsporulating strains, 522; 
solitaria, saltation in culture, 522; soli- 
taria, sporulating strains, 521-522; soli- 
taria, sporulation of, effect of carbon 
source on, 518-519 ; solitaria, sporulation 
of, effect of hydrogen-ion concentration 
on, 519; solitaria, sporulation of, effect 
of nitrogen source on, 515-517; solitaria, 
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pruni, overwintering of, in twigs, 797; 
pruni, ovenvintering on peach, 787; 
priini, resistance of basal portions of 
twigs to, 798 ; tnmefaciens, causing 
crown gall of Cupressus arizonica, 97- 


sporulation of, effect of temperature on, 
519-521; solitaria, sporulation of, injlu- 
ence of food quality on, 511-515; soli- 
taria, sporulation of, influence of food 
quantity on, 506-515; solitaria, viability 
of spores from culture, 523 
Pliymatotrichuni oinnivoruin, growth, on 
barley-root-decoction medium, 533-534, 
536; growth, on corn-root-deeoetion me- 
dium, 529-533, 535 ; growth, on cottoii- 
root-deeoction medium, 529-533, 535; 
growth, on dextrose, 529-533, 

535; growth, on Turk^s cap-root-decoe- 
tion medium, 531-533, 535; growth, on 
wheat-root-decoction medium, 533-534, 
536; growth relations in culture, 525- 
537; morphology and life history in 
Texas, 24; resistance to, relation to 
growth-inhibiting substances, 536 ; 
(Shear) Duggar, fusion of hyphae, 676 ; 
toxicity of barley-root decoction to, 533- 
534, 536 ; toxicity, of corn-root decoction 
to, 529-533, 535; toxicity, of Turk’s cap- 
root decoction to, 531-533, 535; toxicity, 
of wheat-root decoction to, 533-534, 536 
Physalis, angulata, inoculation of, with 
viruses of yellow mosaic from tobacco, 
969 ; spp., affected by mites, 622 
PhysalO'Spora, rhodina, hosts of, 70-72; 
zeicola, hosts of, 70-72; zeicola, on corn, 
63-72; zeicola, relation to Diplodia fru- 
mentia, on corn, 63-68; zeicola, taxo- 
nomic and host relationships, 63-72 
Physiologic, forms, distinguished in Til- 
letia tritici by differences in size and 
shape of smut balls, 16; forms, of 
Bremia lactucae on lettuce, 18-19 ; forms, 
of Colletotrichum faleatum, 557-559 ; 
forms, of Puceinia graminis tritici in 
relation to stem-rust epidemiology in 
1932, 34; forms, of stripe rust in Canada, 
25; forms, of Tilletia tritici, wheat 
varieties resistant to, 932 ; forms, of 
wheat stem rust, 343-356 ; specialization, 
of Tilletia tritici on emmer, 483-485 
Phytomonas, pruni, die-back of twigs 
caused by, 790 ; pruni, infection of pri- 
mary foliage by, 789; pruni, isolations 
of, from overwintering leaves, 797; 
pruni, overwintering pf, in culture, 795; 


Phytopath ological and botanical research 
methods, book review, 1004-1005 
Phytopathology, etiological, 843 
Phytophthora, associated with damping-off 
of citrus, 735; associated with gum dis- 
eases of citrus, 734; eitrophthora, on 
Citrus in Plorida and Louisiana, 667- 
669; hibernalis, on Citrus, in California, 
667-668; infestans, culture of, 713-720; 
infestans, sporulation, temperature range 
of, 715; nieotianae, acid production by, 
610 ; niootianae, cause of tobacco black 
shank, 605-612; nieotianae, growth in 
artificial cultures, 606, 608; nieotianae, 
influence of pH concentration -on wilting, 
610, 611; nieotianae, nature of toxin, 
609 ; nieotianae, toxin in diseased plants, 
608, 609 ; nieotianae, toxin production in 
cultures, 608, 609 ; nieotianae, utilization 
of carbohydrates, 611; parasitica, 734; 
parasitica, on Citrus, in Florida, 667, 668 
Picea, excelsa, susceptibility to needle rusts 
ill Minnesota, 513; glauca albertiana, 
susceptibility to needle rusts in Minne- 
sota, 613; glauca, susceptibility to needle 
rusts in Minnesota, 613; mariana, sus- 
ceptibility to needle rust in Minnesota, 
613; pungens, susceptibility to needle 
rust in Minnesota, 613; spp., Cytospora, 
canker of, 11 ; spp,, susceptibility to 
needle rusts in Minnesota, 613 
PiERSTORFF, A. L,, and Howard Lamb, Bis- 
semination of fire-blight bacteria by 
honeybees, 27 

Pine, wkite, blister rust, authority for name 
or organism, 559-561 

Pineapple, leaf spot, 7; mealy bug, green 
spotting and nongreen spotting, relation 
to pineapple wilt, 234; mealy bug, hosts, 
213; mealy bug, Pseudococcus brevipes, 
207 ; mealy bug, relation of ants to, 213- 
217; mealy bug, relation to pineapple 
wilt, 213-235; mealy bug, relation to 
spotting of pineapple leaves, 243; mealy 
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bug, symbionts, possible relation to green 
spotting, 256-258 ; mealy bug, toxicity 
of, in relation to original hosts, 228-234; 
mealy bug, types of spotting from, 243 ; 
wilt of, 207; wilt, description of, 208- 
211; wilt, edge wilt, synonym of, 208; 
wilt, possible nature of injury, 239 ; wilt, 
recovery from, 235; wilt, relation of age 
of plants to susceptibility, 226 ; wilt, re- 
lation of green spotting to, 234; wilt, re- 
lation of pineapple mealy bug to, 213- 
235. 

Pink root, of Allium, 290 ; resistance of 
cultivated species of Allium to, 290-298 ; 
susceptibility of various species to, 295 
Pinus, lambertiana, pycnial stage of Cro- 
nartium ribicola on, 204-205; monticola, 
pycnial stage of C. ribicola on, 204-205 ; 
monticola, resistance of current season ^s 
shoots of, to infection by G. ribicola, 
917; spp'., mycorhiza, 14; strobus, field 
inoculations with sporidia of C. ribicola 
in Minnesota, 105-107 
PiRONE, P. P., Combating spinach damping- 
off by seed treatment, 28 
Pisum sativum, mosaic, 562 
Plant, diseases, in the United States, losses 
from, 975-984; pathology, contribution 
to land-utilization program, 404-406 
Podonectria sp. in Brazil, 737 
Pokkah-bong disease, hosts other than 
sugarcane, 672 

Polymyxa graminis, life history, morphol- 
ogy, and cytology of, 20-21 
Polyporus curtisii on peach trees in the 
Carolinas, 28 

Polystictus versicolor, growth as affected 
by temperature, 73-81 
Polythionic acids, analyses, 163-165 
Poole, B. P., Knob and elevated vein for- 
mations on sweet-potato roots, 91-96; 
Prevalence and relations of four soil- 
borne parasites on the peach trees in the 
Sand Hills of the Carolinas, 28 
Populus grandidentata, Nectria canker of, 
36. 

Porter, D. B., and H. A. Jones, Besistance 
of some of the cultivated species of Al- 
lium to pink root (Phoma terrestris), 
290-298 


Portulaea oleraeeus, host of pineapple 
mealy bug, 249 

Potassium iodide, use in mercuric chloride 
solution, 28-29 

Potato, a new necrotic virus disease of, 32; 
Botrytis cinerea, inoculation with, 995- 
997 ; disease associated with mites, in 
New York, 622-624; effect of pressure 
and .amounts of copper applied in spray- 
ing, 22; influence of spray on tempera- 
ture of, 912 ; late blight, control of, 29 ; 
latent mosaic, resistance to, 32 ; leaf hop- 
per, nature of injury on forage legumes, 
19; Bhizoetonia, mercuric chloride and 
potassium iodide solution for control of, 
28-29; rugose mosaic, nature of, 319- 
342; scab, environment in relation to, 9; 
stimulation by Bordeaux mixture, 22; 
susceptibility of, to Verticillium albo- 
atruni, 125 ; susceptibility of, to V. 
dahliae, 125; tuber rot, caused by Bo- 
trytis cinerea, 11, 993-999; YerticilMnm 
hadromycosis, 143-146 
Powdery mildew of crape myrtle, 814 
Preparation and properties of pentathiouic 
acid and its salts, its toxicity to fungi, 
bacteria, and insects, 155-174 
Price, W. C., The thermal death rate of 
tobacco-mosaic virus, 749-769 
Principles of plant physiology, book re- 
view, 1005-1006 

Priode, C. N., Cuban streak, 674-676; Two 
hosts of pokkah-bong disease other than 
sugarcane, 672-674 

Promycelia of Pueeinia malvacearum, cy- 
tology of, 572-586 

Properties and preparation of pentathionic 
acid and its salts, its toxicity to fungi, 
bacteria, and insects, 155-174 
Prunus, serotina, Nectria canker of, 36 ; 
supp., bacterial canker in California 36- 
37; spp., hosts of Dothiorella ribis, 929 
Pseudocoecns brevipes, 207; relation to 
pineapple wilt, 213 ; to green spotting, 
259; to nongreen or chlorotic spotting, 
259 

Psendoperonospora hnmuli, germination of 
oospores of, 485-487 
Psidium, host of DotMorella ribis, 929 
Psorosis, a virus disease of Citrus, 930 
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Psyllid yellows, differentiated from curly 
top, 930 5 insect toxin theory of etiology 
of, 930; of tomato, 930 
Puccinia, eoronata, lieterothallisni in, 4; 
glumarum tritiei, in Canada, 25 ; gram- 
inis, heterothallisin in, 4; graminis tri- 
tici, physiologic forms in relation to 
stem-rust epidemiology in 1932, 34 ; 
graminis tritiei, physiologic forms of, 
343; graminis tritiei, resistant wheats 
from Russia, 8 ; malvaeearum, behavior 
of nucleole in nuclear division, 582 ; 
malvaeearum, chromosome number of, 
581 ; malvaeearum, cytology of telio- 
spores, proinycelia and sporidia, 572- 
586; malvaeearum, existence of eentro- 
some in nucleus, 581; sorghi, spermatia 
of, 923; triticina, resistant wheats from 
Russia, 8 

Pure-eulture technique for quantitative 
studies of plant growth in association 
with microorganisms, 14 
Pycnidia, of Diaporthe crotalariae, n. sp., 
596, 600-602 ; of Stagnospora curtisii, 
778, 783 

Pyracantha, host of Dothiorella ribis, 929 
Pythium, arrhenomanes, 745 ; butleri, cause 
of a disease of turf, 23-24; butleri, on 
snap beans in transit, 428; oospore pro- 
duction, humus-extract agar for, 745 

Quality, effect of tobacco mosaic on, 834 
Quanjer, H. M., a complex virosis of to- 
bacco, 28 

Quereus, host of Dothiorella ribis, 929 
Quick wilt, pineapple, 211 
Quince-rust, caused by Gy mno sporangium 
germinale, 546-553 ; etiology of, 549-552 

Raber, Oran, Principles of plant physi- 
ology, book review, 1005-10'06 
Raleigh, W. P., Pungicidal effilcieney of 
a solution of mercuric chloride and 
potassium iodide, 28^29; A homemade 
colloidal copper spray, 29; see Schultz, 
E. S. 

Rands, R. D., and Ernest Dopp, Humus- 
extract agar favorable for oospore pro- 
duction in Pythium, 745 
Rankin, W. H., see Pelt, E. P. 


Raspberry, bacterial twig and blossom 
blight of, 21; inoculated with Verticil- 
Hum dahliae, 125 

Rawlins, Thomas Ellsworth, Phyto- 
pathological and botanical research 
methods, hook review, 1004—1005 ; see 
Takahashi, Wilimam N. 

Red cedar (see also cedar, red), Jiiniperus 
virginiana 

Red-top grass, host of pineapple mealy 
bug, 213, 249 

Reddick, D., A potato disease, 622-624 

Rehmiellopsis bohemxca, attacking Abies 
eoneolor, 108-109 

Remsberg, Ruth, and C. W. Hungerpoed, 
Certain Selerotium diseases of grains 
and grasses, 863-874; see Hungerpord, 
C. W. 

Report of the twenty-fourth annual meet- 
ing of The American Phytopatliological 
Society, 489-500 

Resistance, in Allium fistulosum to TJro- 
cystis cepulae, Phoma terrestris, and 
Peronospora schleideni, 109-110 ; of 
basal portions of twigs to Phytomonas 
pruni, 798; of corn to seedling blight, 
nature of, 9; of cultivated species of 
Allium to pink root, 290^298; of potato 
to latent mosaic, 32 ; of rosaceous plants 
to fire blight, 32-33; to Pusarium wilt 
in peas, 36; to Phymatotrichum omni- 
vorum, relation to growth-inhibiting sub- 
stances, 536; to rust in beans, 38 

Rliizoctonia, bataticola, causing seedling 
stem blight of field beans at high tem- 
peratures, 949-963 ; bataticola, correc- 
tion in article by W. W. Mackie, 205; 
bataticola, cultures of, 957-961; batati- 
eola, on bean, distribution of, in Cali- 
fornia, 949-^963 ; bataticola, on bean, eco- 
nomic importance of, in California, 949- 
963; solani, 271; solani, effect of ac- 
cidulatid mercuric chloride on sclerotia, 
275; solani, effect of formaldehyde on 
sclerotia, 272 ; solani, effect of mereuric 
chloride on sclerotia, 273; solani, effect 
of temperature on brown patch caused 
by, 8; solani, on snap beans in transit, 
428-431 

Rhizopus, nigricans, on snap beans in 
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transit, 431-436; soft rot on snap beans 
in transit, 431-436 ; tritici, on snap beans 
in transit, 431-436 

Bhus typMna, inoculated with Verticillium 
dahliae, 125; Neetria canker of, 36 
Bice, genetic connection between Sclerotimn 
oryme, Helminthosporium sigmoideum, 
and Leptosphaeria salvinii on, 35 
Bichards, B, L., see Blood, H. L, 
BrcHARDS, L. A., see Blood, H. L.; and 
H. L. Blood, Some improveanents in 
an to -irrigator apparatus, 928-929 
Biker, A. J., and E. M. Hildebrand, Sea- 
sonal development of hairy root, crown 
gall, and •wound overgrowth on apple 
trees in the nursery, 29 ; G. W. Keitt, 
E. M. Hildebrand, and W. M. Banpield, 
Control of hairy root, crown gall, and 
other malformations at the unions of 
piece-root-grafted apple trees, 30 
Biker, Begin a, see Jones, L. B. ; and L. 
B. Jones, Fusarium strains in relation to 
wilt in China aster, 29-30 
Bing, blotch, of citrus, possible virus ori- 
gin of, 930; spot, in potato rugose-mosaic 
complex, 327-331, 332, 333, 334; -spot- 
like virus disease of red clover, 746-747 ; 
spot, of dahlia, 6; spot, tobacco, trans- 
mission to spinach, 466; spot, yellow, of 
dahlia, 6 

Bobinia, pseudoacaeia, brooming disease 
transmitted by grafts, 13 ; pseudoacacia, 
transmissibility of brooming disease of, 
83-90 

Bodenhiser, H. a., The genetics of Spha- 
eelotheca sorghi and S. cruenta, 30; and 
B. P, Barnes, Pathogenicity of certain 
hybrids of covered and loose smuts of 
sorghum, 30--31 

Bogiiing in the control of tobacco mosaic, 
831 

Bollins, B. 0., see Solhbim, W, G. 

Bosa, host of Dothiorella ribis, 929 
Bose, inoculated with yertieillium dahlias, 

' 125. ■ ■ 

Bosen, H. R., Influence of spray applica- 
tions on air temperatures surrounding 
sprayed potato plants, 912-916 
Boot-knot nematode, control of, in green- 
houses with carbon disulphide emulsion, 
■' 13 


Boot-rot, fungus, of cotton, fusion of 
hyphae, 676 ; influence on peas, 16-17 
Bubus, host of Dothiorella ribis, 929 
Rudolph, B. A,, Report of the seventeenth 
annual meeting of the Pacific Division 
of The American Phytopathological So- 
ciety, 928 

Runnels, H. A., see J. D. Wilson 
Bust, apple, caused by Gymnosporangium 
juniperi-virginianae, 546; hawthorn, 
caused by G. globosum, 546; quince, 
caused by G. germinale, 546-553; 
spermatia of, on flax, 487 
Busts, eentrosome in nucleus, 581; chromo- 
some number of, 580, 581; cytology of 
Puceinia malvaeearum, 572—586 ; nu- 
eleole and its behavior in nuclear divi- 
sion, 582; of spruce needles in Minne- 
sota, field observations, 613-616 
Buttle-Nebel, Mabel L., Comparative 
studies of field collections of IJstilago 
hordei and XT. nuda, 31 

Sahuaro (Carnegiea gigantea), crown gall 
on, 21 

Salix, host of Dothiorella ribis, 929 
Saltant of Helminthiosporium sativum pro- 
duced by ultra-violet radiation, 379 
Saltation, in Helminthosporium sativum, 
produced by ultra-violet radiation, 12; 
of Phyllosticta solitaria in culture, 522 
Samuel, Geoffrey, and S. D, Garrett, 
Ascospore discharge in Ophiobolus gra- 
mdnis, and its probable relation to the 
development of whiteheads in wheat, 
721-728; J. G. Bald, and C. M. Eard- 
LEY, ^‘Big bud,^’ a virus disease of the 
tomato, 641-653 

Sandal, cytological investigations on spike 
disease of, 191-202 

Sanders, George E., Notes on Bordeaux 
mixture, 31-32 

Sanford, G. B., and J. W. Marritt, The 
toxicity of formaldehyde and mercuric 
chloride solutions on various sizes of 
sclerotia of Bhizoctonia solani, 271-280 
Santalum album, cytological investigations 
on spike disease of, 191-202 
Scab, citrus, distribution of, 481 ; gladiolus, 
control of, 802; gladiolus, control of, by 
spraying and dusting, 812 ; Navel orange, 
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in Brazil, 538-545; of Lima bean, geo- 
graphic range, 662; of Lima bean, life 
history, 665 ; sweet orange, in Argentina, 
distinct from common citrus scab, 479; 
use of term as applied to diseases caused 
by Sphaeeloma and Gloeosporium, 389- 
3'95 

Scale, Mediterranean fig, in California, 894 
Scaly bark of citrus, 930 
Schultz, E. S., and W. P. Raleigh, A new 
necrotic virus disease of potatoes, 32 ; 
Resistance of potato to latent mosaic, 32 
Schuster, C. E., A disorder of Persian 
(English) walnuts grafted on black- 
walnut stocks, resulting in girdling, 408- 
409 

Sclerospora, butleri, characteristics of fun- 
gus, 589-591; butleri, economic impor- 
tance of host, 594; butleri, effect of 
fungus on host, 589; butleri, identity of 
fungus, 590-593; butleri, new species 
from Nyasaland, 587-595; butleri, oc- 
currence, 587; butleri, technical descrip- 
tion, 592, 593 ; graminicola, on Penisetum 
typhoideum in Nyasaland, 587, 593 
Sclerotia, from grains and grasses, 867 ; of 
Cortieium koleroga, 881 ; Ehizoctonia 
solani, relation of size to killing by 
fungicides, 273-274; R. solani, relation 
of time of action to killing by fungi- 
cides, 273-274; R. solani, size in nature, 
277 

Selerotinia, americana, form of toxicity 
surface for copper sulphate and for sul- 
phur in relation to conidia of, 23; 
gladioli, n. comb., perfect stage of Scle- 
rotium gladioli, 9; libertiana, causing 
stem canker of hollyhock, 39; selero- 
tiorum, on snap beans in transit, 425-428 
Bclerotium, diseases, of grains and grasses, 
17, 863 ; gladioli, hosts of, 9 ; gladioli, 
n. comb., perfect stage of, 9; oryzae, 
ascigerous; stages is Leptosphaeria sal- 
vinii, 35; rhdzodes, snow mold and brown 
patch caused by, 8; rolfsii,bn snap beans 
in transit, 431 

Seoreh, leaf, of narcissus, 770 
Sears, S. S., see Solheim, W. G, 

Seed, transmission, of bean mosaic, 25; 
transmission, of legume-mosaic viruses. 


563 ; transmission, of Sorosporimn 
reilianum, 398; transmission, of virus 
causing variegation of Abutilon, 20 ; 
treatment, combating spinach damping 
off by, 28 ; treatment, in relation to com- 
mon potato scab, 9 

Seedling stem blight of field beaus caused 
by Rhizoctonia batatieola at high tem- 
peratures, 949-963 

Seedlings, use of formaldehyde dust to con- 
trol damping off, 38 

Semesan, treatment for control of gladiolus 
scab, 804, 805, 810 

Septogloeum araehidis Rac., synonym of 
Cercospora personata (B. So C.) E. So E., 
637 

Serological reaction, as means of determin- 
ing concentration of tobacco-mosaic 
virus, 4 

Serum agglutination, with soft-rot bacteria, 
27 

Shallots, Allium asealonicum, resistance to 
pink root, 294 

Shands, R. G., see Dickson, James G. 
Shapovalov, M., Dieback form of tomato 
streak, 928 

Shaw, Luther, Resistance of rosaceous 
plants to fire blight, 32-33 
Shear, C. L., Neil E. Stevens, and Henry 
P. Bain, Eungous diseases of the culti- 
vated cranberry, review of, 314-315 
Shear, Elmer Y., and J. S. Cooley, Rela- 
tion of growdh cycle and nutrition to 
perennial apple-canker infection, 33 
Shipment, environmental factors in rela- 
tion to snap-bean diseases occurring in 
shipment, 411-445 

Single-cell isolation in microbiology, 357 
Sisal, host of pineapple mealy bug, 213, 249 
Sleeth, Bailey, Relationship of Eusariiiiu 
niveum to the formation of tyloses in 
melon plants, 33 

Smith, C. 0., Inoculation with Dothiorella 
ribis, 929 

Smut, head, of corn, in western Oregon, 
396-403 ; oat, control of, 825 ; physio- 
logic specialization of Tilletia tritiei on 
emmer, 483-485 

Snap bean, environmental factors in rela- 
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tioii to diseases occurring in sliix^ment, 
411-445 

Snow mold, caused by Sclerotium rhizodes, 

8 ; of grains and grasses, 864 
Snow, rot, of grains and grasses, 864 ,* 
scald, of grains and grasses, 864 
Soft-rot bacteria, reaction of tissues from 
individual plants to, 26; serum aggluti- 
nation with, 27 

Soil, contamination, with Sorosporium 
reilianum, 400-403 ; fertility, relation to 
incidence of Ax)hanomyces root rot of 
j)eas, 36; infestation, by chlamydospores 
of Tilletia levis in Montana, 39 ; mois- 
ture, influence on infection of wheat by 
XJrocystis tritici, 10-11; rot, on snap 
beans in transit, 428-431; temperature, 
influence of infection of wheat by Uro- 
cystis tritici, 10-11 

Solanum, antipoviczii, hybrids, affected by 
mites, 622; demissum, hybrids, affected 
by mites, 622; melongena, inoculation of, 
with viruses of yellow mosaic from to- 
bacco, 969; spp., affected by mites, 622; 
tuberosum, Botrytis cinerea on, 933-999 
Solenopsis geminata, var. rufa, ant, at- 
tendant of pineapple mealy bug, 213 
SoLHEiM, W. G., S. S. Sears, and B. C. 
ItOLLiNS, Effect of vitamins on growth 
of fungi in pure culture, 929-930 
Sorghum, a host of pokkah-bong, 672; ob- 
servations on Tolyposporium filiferum, 
cause of ^4ong smut^^ of, 985-992 
Sorosporium reilianum on corn in western 
Oregon, 396-403 

Source of culture, influence of, on sporula- 
tion of Bhyllosticta solitaria, 504 
Southern blight on snap beans in transit, 
431 

Spaulding, Perley, Dietrich preferable au- 
thority for Cronartium ribicola, 203-204 
Speck, bacterial, of tomato, 897 
Spermatia, of flax rust, Melampsora lini, 
487 ; of Puceinia sorghi, 923 
Sphaceloma, eruenta, genetics of, 30; cru- 
enta, pathogenicity of certain hybrids 
with S. sorghi, 30-31; disease of culti- 
vated sweet violet caused by, 22-23; dis- 
eases caused by, ^ ^ anthracnose ^ 1 and 
^^scab^^ applied to, 389-395; fawcettii 
Jenkins, records of, from herbarium speci- 


mens of the genus Citrus in England and 
the United States, 475-482; fawcettii, 
on sour orange, in Brazil, 544; fawcettii, 
var. viscosa, n. var., cultural studies, 
539-542 ; fawcettii, var. viscosa, n. var., 
description, 543; fawcettii, var. viscosa, 
n. var., on Navel orange in Brazil, 538- 
545; on sweet orange, in Argentine, 
Brazil, and Paraguay, 544 ; sorghi, 
genetics of, 30; sorghi, pathogenicity of 
certain hybrids with S. eruenta, 30-31 
Spike disease of sandal, cytological investi- 
gations on, 191-202 

Spinach, blight, resemblance to cucumber 
mosaic on spinach, 461-463; comparison 
of viruses on, 459-466; infection of seed 
clusters by Peronospora effusa, 7 ; natu- 
ral infection with cucumber mosaic, 466 ; 
seed treatment for damping off of, 28; 
some viruses affecting, and certain 
aspects of insect transmission, 446-474; 
transmission of cucumber mosaic to, 459- 
463; transmission of sugar-beet mosaic 
to, 463-465; transmission of tobacco 
ring spot to, 465-466 
Spinacia oleraeea, some viruses affecting, 
and certain aspects of insect transmis- 
sion, 446-474 

Spore size of Peronospora, frequency dis- 
tribution of, 838 

Spores, in upper air, 23 ; of Tolyposporium 
flliferum, germination of, 986-989 ; of 
Wojnowicia graminis, measurements of, 
1002 

Sporidia of Puceinia malvaeearum, cytol- 
ogy of, 572-586 

Sporulation of Phyllostieta solitaria in arti- 
ficial culture, factors affecting, 503-524 
Spot necrosis, tobacco, 323, 326, 330 
Spotted wilt, similarity of tomato streak 
to, 928 

Sprague, Eoderick, Association of Cerco- 
sporella foot rot with a specific ecolog- 
ical area, 33-34 

Spray, applications, influence of, on tem- 
peratures of sprayed plants, 912; mate- 
rials, influence on transpiration, 37 
Spraying for control of gladiolus scab, 812 
Spruce, field observations on needle rusts 
in Minnesota, 613-616 
Stagonospora curtisii, illustration of pyc- 
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nidia of, 778, 783* life laistory of, 775; 
morphology of, 781; on narcissus, 773; 

parasitism of, 774; spores of, 779 

Stakman, E. C., see Hayes, H. K.; Lee 
Hines, Haery a. Ukkelberg, and Wal- 
lace Butler, Distribution of physiologic 
forms of Puccinia graminis tritici in re- 
lation to stem-rust epidemiology in 1932, 

34 

Stanley, Alfred B., see Orton, C. E. 
Steiner, G., and Edna M. Bithrer, The 
bulbous irises as hosts of Tylonchus dip- 
saei, the bulb or stem nema, 103-105; 
Three new hosts for Tylenchus dipsaci, 
the bulb or stem nema, 620 ; Unusual dis- 
ease symptoms produced by Aphelen- 
choides fragariae, 622 
Stem rust, of wheat, physiologic forms, 
in relation to epidemiology in 1932, 34; 
resistance of oats to, 25; resistance of 
Avheat to, 35 

Stevens, Neil E., How plant pathology 
can contribute to a land-utilization pro- 
gram, 404-406; see Shear, C. L.; Some 
significant estimates of losses from plant 
diseases in the United States, 975—984 
Stevenson, J. A., see Meier, P. C. 

Stilbum cinnabarinum, cause of a new fig 
disease in Louisiana, 35 
Stimulation of potatoes by Bordeaux mix- 
ture, 22 

Stomata, infection through, with the virus 
of typical tobacco mosaic, 934—948 
Storage, development of apple scab in, 5; 
rots, sweet potato, losses from, in the 
United States, 981-983 
Stover, W. G., and M. T. Yermillion, 
Some experiments with a yello-w mosaic 
of tomato, 34 

Strains, nonsporulating, , of Phyllosticta 
solitaria, 521-522; pathogenic, of Gym- 
nosporangium germinale, 549 ; sporu- 
lating, of P. solitaria, 521—522 
Strawberry, crinkle disease, transmission 
of, 738-740 ; suspected mosaic, 654r-661 ; 
wilt, caused by Oolletotrichum fragariae, 
6 

Streak, tomato, dieback form of, 928 

Stripe rust in Canada, 25-26 

Sugar, beet, and tobacco, comparison of 


viruses on, 451-458; beet, curly top, 
pathologic changes in anatomy of leaves 
of, 679, 712 ; beet, niosaie, longevity of 
virus in vitro, 469 ; beet, mosaic, proper- 
ties of virus, 468-470; beet, mosaic, 
thermal death point of virus, 470; beet, 
mosaic, tolerance to dilution of virus, 
470; beet, mosaic, transmission to spin- 
ach, 463-465; cane, Cuban streak dis- 
ease of, 674; cane, red rot, physiologic 
forms of organism, 557-559 
Sulphur, colloidal, 165-168; colloidal, phys- 
ical properties of, 167 ; colloidal, prepara- 
tion of, 166-167; colloidal, toxicity of, 
168-173; form of toxicity surface in re- 
lation to conidia of Selerotinia ameri- 
cana, 23 

Sulphuric acid, effect on soil pH, 18 
Sunlight, effect of, on Sclerotium, 870 
Susceptibility, of Allium species to pink 
root, 290-298; of apple varieties to 
quince rust, 547 ; of Pieea spp. to needle 
rusts, 613 ; of red cedar to Gymnosporan- 
gium spp., 546-547 ; of various hosts to 
Yerticillium hadromycosis, 124-125 ; va- 
rietal, of fig, to mosaic, 889 
Suspected mosaic, genetic origin of, 660; 
noninfectious chlorosis of, 654; of straw- 
berry, occurrence, 654 
Sweet, orange, scab, in Argentina, distinct 
from common citrus scab, 479; pea, in- 
oculated with Yerticillium dahliae, 117— 
154; potato, knob and elevated vein for- 
mations on roots of, 91;96; potato, stor- 
age rots, losses from, in the United 
States, 981 

Takahashi, William N., and Thomas 
Ellsvtorth Rawlins, Evidence regard- 
ing the shape of tobacco -mosaic-virus 
particles, 34-35 

Take-all, incidence of, in South Australia, 
722 

Taphe, Y. F., Comparative studies of two 
loose smuts of barley (title only), 35 
Tarsonemus sp., mite associated with po- 
tato disease, in New York, 624 
Technique, single-cell isolation, 357 
Teliospores of Puccinia malvacearum, cy- 
tology of, 572-586 
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Temperature, as influenced by spray appli- 
cations, 912; effect of, on cultures of 
Bbizoctonia bataticola, 961 ; effect of, on 
Sclerotium, 870; effect of, on tobacco- 
mosaic virus, 749; effect on brown patch 
of turf, 8; influence on sporulation of 
Pliyllosticta solitaria, 519-521; relations, 
of Verticilliiiin hadroinycosis, 146—149 
Temperatures, high, effect of, on seedling 
stem blight of field beans caused by 
EMzoctonia bataticola, 949-963 
Thaxtbr, Boland (1858-1932), his in- 
fluence on plant pathology, 565-571; 
memorial, 502 

Thermal, death point, of Heterodera 
radicicola, 260; death point, of H. 
radicicola, method of determination, 
261; death point, of H. radicicola, rela- 
tion to time, 262; death point, of sugar- 
beet-mosaic virus, 470; death rate, of 
tobacco-mosaic virus, 749 
Thielaviopsis paradoxa, not the cause of 
pineapple leaf spot in Puerto Bico, 7 
Thomas, H, E., The quince-rust disease 
caused by G-ymnosporangium germinale, 
546-553 

Thornberry, H. H., and H. W. Anderson, 
Overwintering of Phytomonas pruni on 
peach, 787-801 

Thurberia thespesioides, intumescences on, 
287 , , 

Tilford, P. E,, see Wilson, J. D. 

Tilia americana, Neetria canker of, 36 
Tilletia, levis, soil infestation by chlamydo- 
spores of, 39; tritici, differences in size 
and shape of smut balls of two physio- 
logic forms of, 16 ; tritici, physiologic 
specialization, on emmer, 483-485 ; tri- 
tici, resistance of wheat varieties to, 932 
Time of isolation, influence on sporulation 
of Phyllostieta solitaria, 504 
Timothy, sclerotium from, 867 
Tims, E. C., Stilbum cinnabarinum, the 
cause of a new fig disease in Louisiana, 
35 , 

Tipburn, relation of Bordeaux spray to, 
916 

Tobacco, a complex viro sis of, 28; and 
sugar beet, comparison of viruses on, 
451-458; cucumber mosaic on, in Wis- 


consin, 311; downy mildew of, on pep- 
per, tomato, and eggplant, 837 ; effect of 
mosaic on yield and quality of, 834; 
flue-cured, a source of inoculum for mo- 
saic in, 839; Kroepoek, a virus disease 
of, 175; manufactured, a source of in- 
oculum for mosaic in flue-cured tobacco, 
839; mosaic, acquired immunity in, 5; 
mosaic, control of, 831; mosaic, further 
purification of virus of, 35; mosaic, iso- 
lation of yellow-mosaic viruses from, 
964-974; -mosaic virus, evidence regard- 
ing shape of particles of, 34-35 ; -mosaic 
virus, serological reaction as means of 
determining the concentration of, 4 ; 
-mosaic virus, thermal death rate of, 
749; mottle, 325, 326, 329, 330, 331-334; 
pathology of tobacco black shank on, 
605-612; ring spot, intracellular bodies 
in, 38; ring spot, transmission to spin- 
ach, 465-466; ring-spot virus, resistance 
to aging increased by use of carbolic 
acid, 14-15; spot necrosis, 323, 326, 330 ; 
spot necrosis, acquired immunity in, 5; 
typical mosaic, entrance of the virus 
through stomata, 934-948; veinbanding, 
323-325, 326, 334; viruses, differentia- 
tion of green- and yellow-mosaic, 10' 

Tolerance to dilution of sugar-beet-mosaic 
virus, 470 

Tolysporium filiferuni, cause of ^'long 
smut^^ of sorghum, observations on, 
985-992; cultural characters of, 990-992 

Tomato, bacterial speck of, 897 ; big-bud 
virus disease, 641 ; blossom-end rot, in- 
creased by Bordeaux mixture, 37 ; curly 
top of, 929; dieback form of streak of, 
928; downy mildew of tobacco on, 837; 
inoculated with Verticillium albo-atrum, 
124-128; inoculated with V. dahliae, 124, 
125, 126, 127, 128; (Lycopersicum) , 
affected by mites, 622 ; mosaic, factors 
influencing type and sequence of leaf 
abnormalities, 26; mosaic, water loss in, 
15; Nematospora coryli on, in Elorida, 
384 ; psyllid yellows of, 930 ; streak, 34 ; 
Y. hadromycosis, 138-143; yellow mosaic, 
some experiments with, 34 
Toxicity, of colloidal sulphur, 168-173; of 
pentathionic acid, 168-171; surface, 
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form of, for copper sulpliate and sulplmr 
in relation to conidia of Selerotinia 
americana, 23; to Phymatotriclinm om. 
nivorum, of various root decoctions, 
529-535, 536 

Toxin produced by Phytoplitliora nico- 
tianae, in diseased plants, 608, 609; in 
culture media, 606, 608; nature of, 609 
Transit diseases of snap beans, environ- 
mental factors in relation to, 411-445 
Transmission, of cranberry false blossom, 
by natural graf t, 670 ; of the crinkle dis- 
ease of strawberry, 738-740 
Transpiration, influence of spray materials 
on, 37 

Treatment of gladiolus conns for scab, 803 
Trees, cork-borer metkod for inoculating, 
487-488 

Tricliolaena rosea, liost of pineapple mealy 
bug, 213, 249 

Trifolium, pratense, mosaic, 562; pratense, 
ring -spot-like virus disease of, 746-747; 
repens, mosaic, 562 

Tritieum, persicum var. stramineum, resis- 
tance to disease, 8-9; timopbavii, resis- 
tance to disease, 8—9 
Tehran, W. E., see H. F. Bergman 
Tubercularia coccicola, 737 
Tuberculina maxima, behavior in British 
Columbia, 301-302; hosts of, 299; on 
Cronartium comptoniae in British Colum- 
bia, 299 ; on C. ribieola in British Colum- 
bia, 299 ; range in British Columbia, 300 ; 
relation to control of white-pine blister 
rust, 302—304 

Tullis, E. C., Leptosphaeria salvinii, the 
aseigerous stage of Sclerotium oryzae, 35 
Turf, a Pythium disease of, 23-24; brown 
patch, effect of temperature on, 8 
Turk^s cap, root decoction, toxicity to Phy- 
matotrichum omnivorum, 531-533, 535 
Tylenchus dipsaci, bulb or stem nema, new 
hosts for, 620; bulbous irises as hosts 
of, 103-105; on Chionodoxa luciliae, 
from Holland, 620; on Oolchicum spe- 
ciosum album, from Holland, 620; on 
Digitalis purpurea, in Connecticut, 620 
Tyloses, relationship of Fusarium niveum 
to formation in melon plants, 33 
Typhula graminum, similarity of Sclero- 
tium to, 871 


XJkkelberg, Harry G., see Stakman, F. G. 

XJlmus, host of Dothiorella ribis, 929 

Ultra-violet, light, effect of, on Sclerotium, 
870; radiation, of Helminthosporium 
sativum, producing saltant, 3/9; radia- 
tion, production of white fertile saltant 
of H. sativum by means of, 12 

XJncinula australiana, 1003 

IJredo ribieola, 841 

XJrocystis, cepulae, resistance in Allium 
flstulosum to, 109-110; tritici, influence 
of soil moisture and soil temperature on 
infection of wheat by, 10-11 

Ustilago, avenae, control of, 826; avenae, 
inheiitance of chlamydospore eharaeter- 
istics in, 16 ; hordei, comparative studies 
of field collections of, 31; levis, inlieii- 
tanee of chlamydospore characteristics 
in, 16 ; nuda, comparative studies of 
field collections of, 31 


Vaceinium maerocarpon Ait., transmission 
of false blossom through a natural graft, 
670 

Vascular tissue, secondary, in the bundle 
cap of healthy sugar-beet leaves, 694 
Vaughan, E. K., Transmission of the 
crinkle disease of strawberry, 738-740 
Veinbanding, in potato rugose-mosaic com- 
plex, 323, 325, 326, 330, 332, 334-337, 
338; tobacco, 323-325, 326, 334 
Vermillion, M. T., see Stover, W. G. 
Verticillium, albo-atrum, pathogenicity of, 
125-128; albo-atrum R. and B., patho- 
genicity and environal studies, 117-154 ; 
albo-atrum, susceptibility of various 
hosts to, 124-125; albo-atrum, tempera- 
ture relations of, 121-123; alburn^’ 
type, 118, 119, 121; dahliae Klebahn, 
pathogenicity and environal studies, 117— 
154; dahliae, pathogenicity of, 125-128; 
dahliae, susceptibility of various hosts 
to, 124-125; dahliae, temperature rela- 
tions of, 121-123 ; hadromyeosis, of egg- 
plant, 130-138 ; hadromyeosis, of potato, 
143-146; hadromyeosis, of tomato, 138- 
143 ; hadromyeosis, pathogenicity and 
environal studies on, 117-154; hadromy- 
eosis, temperature relations in the field, 
146-148; on elm, 21 

Vigna sinensis, resistance to Rhizoctonia 
bataticola, 953 
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Vinson, Carl G-,, Eurther purification of 
tlie virus of tobacco mosaic, 35 

Violet disease caused by Spbaceloma, 22- 
23' 

Virosis, complex, of tobacco, 28 

Virus, acquired immunity to tobacco mo- 
saic, 5 5 acquired immunity to tobacco- 
spot necrosis, 5 ; association of intracel- 
lular bodies with tobacco ring spot, 38 j 
bean mosaic, pollen and ovule infection 
with, 25 ; cucumber mosaic, inberitabdity 
in aphids, 467--468; disease, big bud of 
tomato, 641-653,* disease, big bud of 
tomato, anatomical changes in, 648 ; dis- 
ease, big bud of tomato, transmission by 
grafting, 650 ,* disease, cranberry false 
blossom, transmission of, 670,* disease, 
necrotic, of iDotato, 32; disease, of cran- 
berry, false blossom, 983-984; disease, 
peach mosaic, 17; disease, psorosis, of 
citrus, 930; diseases, of dahlia, 6; fig 
mosaic, 887; method of measuring con- 
centration of, 752; of typical tobacco 
mosaic, stomatal infection with, 934- 
948; properties of sugar-beet mosaic, 
468-470 ; ring-spot-like, of red clover, 
746-747; seed transmission in Abutilon, 
20; serologic reaction as means of de- 
termining concentration of tobacco mo- 
saic, 4 ; thermal death point of sugar-beet 
mosaic, 470; tobacco mosaic, evidence 
regarding shape of particles, 34-35; to- 
bacco mosaic, purification of, 35; tobacco 
mosaic, thermal death rate, 749; tobacco 
ring spot, increased resistance to aging 
in vitro from use of carbolic acid, 14- 
15; tolerance to dilution of sugar-beet 
mosaic, 470; tomato curly top, biochem- 
ical changes accompanying, 929; tomato 
streask, 928 ; tomato yellow mosaic, 34 
Viruses, affecting spinach, and certain 
aspects of insect transmission, 446-474; 
causing rugose mosaic, separation of, 
322-325 ; comparison of, on spinach, 
459-466; differentiation of green and 
yellow mosaic, in tobacco, 10; legume 
mosaic, in relation to beans and peas, 
562-564 ; of yellow mosaic, isolation of, 
from plants infected with tobacco mo- 
saic, 964-974 ; purified plant, electro- 
phoretic studies on, 4-5 


Vitamins, effect of, on growth of fungi, 
929 

VooRHEES, It. K., Gibberella moniliformis 
on corn, 368; see EnniNS, A. H. 

Wade, B. E., see Zatjmeyer, W. J. 

Walker, J. 0., Comparative studies of 
peas resistant and susceptible to Eu- 
sarium wilt, 36; Belation of soil fertility 
to incidence of Aphanomyces root rot of 
pea, 36 

Walker, M. N., Occurrence of watermelon 
mosaic, 741-744 

Walnut, graft disorder of, causing girdling, 
498-409 

Wann, E. B., see Blood, H. L.; and H. L. 
Blood, Biochemical changes accompany- 
ing curly top of tomato, 929 
Water, bound, in corn-leaf tissues, 15; loss, 
in tomato mosaic, 15 

Waterman, Alma M., review of Insects 
and diseases of ornamental trees and 
shrubs, by E. P. Eelt and W. H. 
Bankin, 312-314; and Malcolm A. 
McKenzie, A disease of Colorado fir, 
108-109 

Watermelon mosaic, occurrence of, 741-744 
Watery soft rot on snap beans in transit, 
425-428 

Weather, influence of, on seedling stem 
blight of bean, in California, 951-953 
Weber, George F., Occurrence and patho- 
genicity of Nematospora spp. in Florida, 
384; Pecans infected with Nematospora 
coryli PegL, 1000-1001; Stem canker of 
Crotalaria speetabilis caused by Dia- 
porthe crotalariae, n. sp., 596-604 
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Heterotliallism in Fuecinia graniinis, P. coronataj and Melampsora Uni, Ruth P. Allen. 

Puecinia graminis and P. coronata are heterotliallie. The isolated, unisexual infec- 
tion makes good vegetative growth and produces active spermogonia and receptive 
hypliae, but the sporophyte is not initiated and aeciospores do not form. Only when 
spermatia of one sex are placed upon the surface of an infection of opposite sex or 'when 
adjoining infections of opposite sex become confluent does the normal development of 
aeeia take place. 

In P. coronata hyphae from vegetative mycelium, from spermogonia, and from 
aecial primordia grow out into stomata or between epidermal cells and serve to receive 
spermatia! nuclei. In P. graminis formation of receptive hyphae is sharply limited by 
the tough epidermis of the barberry leaf. The spermogonia themselves serve as the 
main port of entry for spermatia! nuclei. 

Flax rust, Melampsora Uni, also is heterothallic. The isolated infection bears no 
aeeiospiores. Fertilization may occur in infection from 8 to 20 days old, rarely older. 
Cells of the gametophytic, vegetative mycelium contain 1 to 4 nuclei. The young sper- 
mogonium centers on a stoma and at first uses the stomatal aperture as an ostiole. At 
this time no hyphae reach the surface of the leaf except at spermogonia. Cell fusions 
in the aecium occur regularly. 

(Cooperative investigations, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, TJ. S. Department of Agriculture, and the California Agricultural Experiment 
Station.) 

Serologic reaction as a means of determining the concentration of tobacco mosaic virus, 

Helen Purdy Beale. 

Green-leaf extracts of Turkish tobacco affected with mosaic (Johnson ^s No. 1 
virus) were tested for their ability to form precipitates when mixed with serum of rabbits 
hyperimmunized against homologus extracts. The concentration of active virus in each 
extract was then determined independently by the number of local lesions resulting from 
inoculation of Nicotiana glutinosa, according to the method of Holmes (Bot. Gaz. 87: 39- 
55. 1929). A correlation was found to exist between the virus concentration of the vari- 
ous extracts and their ability to precipitate antiserums. It is suggested that the precipitin 
reaction may be of value for rapid and accurate determination of the relative concentra- 
tion of virus extracts. 

A fruit spot associated with the papular type of apple measles, Anthony Berg. 

From several specimens of Grimes Golden apples bearing numerous circular, nearly 
black fruit spots, a fungus was isolated that in every respect resembles the fungus 
producing the papular type of ‘ ‘ apple measles ^ ’ on the wood. By artificial inoculations 
upon fruits of Rome, similar spots were produced, infection taking place through the 
lenticels. Although no inoculations on apple twdgs have, so far been made, it is pertinent 
that the infected fruits were collected by the Department of Botany, Purdue University 
Agricultural Experiment Station, in an orchard known to be infected with the papular 
type of apple measles. 

Electrophoretic studies on purified plant viruses, J. M. Birkeland. 

Our experiments indicate that* the direction of migration of the viruses in an 
electric field is not altered by the state of purity nor the method of purification. The 
crude viruses of tobacco mosaic, spot necrosis, ring spot, and attenuated mosaic were 
found to migrate to the anode; that is, they behaved as though negatively charged. The 
same viruses, purified according to the methods described by Vinson and Petre and 
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br Brewer, Kraybill, and Gardner, also migrated to the anode. The purified prepara- 

tioiis were biuret-negative. ■ 

Ji.rjtf n mcnfs on acquired iniminity in tobacco mosaic a/nd spot necrosis. J. M. Birke- 

liAXI). • 

ib‘siilts of our experiments indicate that Mcotiana glutmosa does not develop an 
nF(iuired iiniimnity from infection with the virus of tobacco mosaic or of spot necrosis. 

One series of plants was tested 4 weeks and another series 8 weeks after the initial 
infection. The test inoculation was made on new leaves and the number of local lesions 
were used as an indication of susceptibility. There w'-as no significant difference in the 
number of lesions i>roduced on the infected plants and on the controls. Plants infected 
with tobacco mosaic and tested with spot necrosis, as well as plants infected with spot 
iHcrosis and tested witli tobacco mosaic, gave similar results. In some instances there 
seemed to be a greater amount of secondary necrosis around the primary lesion on the 
infected plants than on the controls. 

Total amount of copper applied and ratio of lime to copper in Bordeaux as important 
factors in potato spraying. P, M. Blodgett, E. O. Mader, O. B. Burke, and E. B. 

I McCormack. 

In potato-spraying experiments for 4 years at Pittsford, N. Y., on Eural New 
Yorker potatoes, there is strong evidence that the total amount of copper applied is an 
important factor in increasing yields of potatoes. Maximum yields were obtained by 
the application of from 70 to 90 lbs. of copper sulphate per acre per season in the form 
of Bordeaux, whether the variation was made by size or nozzle openings to apply more 
or fewer gallons per acre, by concentration of mixture, or by frequency of applications. 

At Eiverhead and Sagaponaek on Long Island, with Green Mountain potatoes the i 

iiifiuence of the total amount of copper applied was not so marked and indicated that 
not over 40 to 50 lbs. per season are required to give maximum results. 

In comparing Bordeaux mixtures made with different kinds of lime, that made I 

with high magnesium lime has given slightly, but fairly consistently, better results than f 

the mixture made with high calcium lime. As the magnesium is highly insoluble and ‘ 

inactive, the results seemed to indicate that a too high ratio of lime to copper was used, J 

Field experiments in the 3 localities in the current season seem to confirm this ex- 

planation. 

, , i 

Ihrelopment of apple scab 071 stored fruit. G. 0. Bratley. 

The demand for the present studies came as a result of frequent controversies regard- 
ing the responsibility for apparent increase of scab on commercially stored fruit. Ex- 
periments conducted during the past 5 years have shown that old lesions may enlarge 
and new ones appear on fruit while stored at 32° E., but that factors operative in the 

orchard are of more importance than those in storage. ^ 

Both enlargement of old lesions and development of new ones were favored by f 

higher temperatures and humidities. Neither the use of different types of storage con- 
tainers nor delay in storing fruit had any effect, except as the humidity and temperature 
were varied. • ' ' ' ■ 

In some groups of scab-free fruit as many as 50 per cent of the apples developed j 

new lesions during storage. Fruit picked after a wet fall from poorly sprayed, heavily | 

infected trees was particularly susceptible. *. 

All attempts to obtain spread from scabby to clean fruit in storage were unsuccess- ; 

fill, as were also inoculations attempted during picking and packing. 
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Vims diseases of dahlia. Philip Brierley. 

Dahlia mosaic is prevalent in New York, New Jersey, Coniiectieiit, and probably 
throughout the United States. The most characteristic symptom is vein banding. Some 
dahlia varieties show no appreciable dwarfing or distortion when affected. Others show 
marked dwarfing, various forms of leaf distortion, or vein necrosis. The mosaic virus 
from varieties of diverse symptom types produces uniform symptoms in a given variety. 
The virus has been transmitted by grafting and by Myms persicae, not by mechanical 
methods nor through seed. The incubation period is usually 4 to 6 weeks. 

Dahlia ring spot is characterized by zigzag or ring markings in shades of green, 
later becoming necrotic. King spot has been transmitted, usually together with mosaic, 
by grafting and is not certainly distinct from mosaic. Yellow ring spot, seen only in 
stock from Utah, appears as yellow zigzag or ring patterns. Transmitted by grafting, 
but not by mechanical methods, this virus produces symptoms distinct from mosaic on 
t'wo varieties. An oak-leaf pattern, apparently of virus origin, is distinct from all the 
above symptom types on one variety and distinct from mosaic in a second. 

A wilt of strawberry caused by Colletotrichim fragariae. A. N. Brooks. 

A sudden wilt of strawberry plants has been observed in the summers 1930-32 in 
the central Florida area, both in the nurseries and in plants set in the fields. The young 
leaves of affected plants wilt suddenly, and the crowns show the presence of a reddish 
browm dry rot in pith and cortex. The rot usually starts in the old runner stub at the 
base of the crown and progresses in both directions, extending to the bud and portions of 
the roots near the crown. At higher temperatures the disease kills the plants, while at 
lower temperatures the progress of the rot is so retarded that the plants are able to sur- 
vive by putting out adventitious roots above the rotted portion of crown. 

The disease has been found associated with anthraenose or runner spot caused by 
Colletotriclmm fragariae, and this parasite has been isolated from the centers of rotted 
crowns and from diseased roots. The ability of this organism to produce the wilt has 
been proved by artificial inoculations. Incubation periods vary from 2 days at 35° C. 
to more than 26 days at 15° C. 

Belation of the toxin produced by Bacterium tabacum to the pathogenicity and host range 

of this organism. E. E. Clayton. 

Bacterium tabacum secretes a powerful exotoxin, which destroys chlorophyl and so 
causes the characteristic wildfire’^ leaf symptoms. This toxin, while comparable in 
activity to the toxin produced by animal pathogens, differs from them in its properties. 
It is heat-stable and is not precipitated by mercuric ehloride, neutral calcium acetate, 
or neutral lead acetate. It is not removed from solution by charcoal and passes through 
Berkefeld, collodium, and cellulose filters. It is not affected by acids but is quickly in- 
activated by dilute sodium or potassium hydroxide. Leaf-prick inoculations with (a) 
toxin, (U) toxin and bacteria, and (e) bacteria gave from (a) and (b) typical wildfire 
symptoms -with many species of plants,* but from (c) consistent positive results were 
secured only with Nicotiana species. The toxin inoculations demonstrated that tobaceo- 
leaf tissues are no more susceptible to injury from this agency than tomato or eggplant 
and distinctly less so than bean or cucumber. The toxin-plus-bacteria inoculations showed 
that the bacteria will persist for some time in the tissues of all of the above plants from 
which they can be reisolated and their pathogenicity demonstrated. Field inoculations 
resulted in heavy infection plus subsequent disease spread in the case Of tobacco and 
occasional lesions without subsequent disease spread in. the case of other crops. 
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A mosaic of the fig m California. Ira J. Condit and Wm. T. Horne. 

A mosaic-like trouble of fig leaves has long been recognized in California. It may 
almost be said that every fig tree in the State shows traces of mosaic, though the disease 
is not generally regarded as commercially important. The meagre literature referring 
to it is discussed and a description of the symptoms is given. Areas of lighter tissue 
oeciii* and leaves may be distorted. Both leaves - and fruits are affected and in severe 
eases may drop. Studies are reported on the comparative susceptibility of varieties. 
Aside from blastophaga, Blastophaga psenes, and visitors to the ripe fruit, the insect 
population on figs is comparatively small. Aphids and thrips are present for brief 
periods, while the fig mite, Eriophyes ficii, is abundant and widely distributed. A mosaic 
vector has not been found. 

Cuttings from mosaic-affected trees propagated in the greenhouse continue to show 
mosaic. Seedlings from affected plants have remained healthy for about a year in the 
greeaihoiise, 'whereas buds from healthy seedlings set in diseased trees have grown into 
mosaie-affeeted shoots. Seedlings several years in the orchard show much mosaic. The 
trouble under consideration is apparently a true mosaic. 

Infection of seed clusters of spinaeli hy Peronospora ef usa, Harold T. Cook. 

The eonidia and eonidiophores of Peronospora effusa 'were found on the fruit (seed 
clusters) of spinach seed plants at the Virginia Truck Experiment Station in 1930 and 
1932. Sections of the infected fruit sho'v\^ed that the mycelium of the fungus had 
permeated the pericarp, funiculus, and the integuments of the ovule. The mycelium was 
not found in either the embryo or perisperm. Oospores were not found in any of the 
seeds that were sectioned, but they were found in abundance in infected leaves on the same 
plants. The occurrence of infected seed may afford one means by which P. effusa is in- 
troduced into new fields or areas. 

Pineapple leaf spot, Melville T. Cook. 

This disease was described by Larsen of Hawaii in 1910, who attributed it to 
Thielaviopsis paradoxa that entered the plant through punctures made by spines and 
insects. The disease was most severe in cloudy, moist weather. Similar spots on pine- 
apple leaves in Puerto Eico and other of the West Indies have been attributed to the 
same cause, apparently without careful study. An outbreak of this disease in Puerto 
Rico during the past summer was studied by the writer, who failed to find T. paradoxa 
or any other organism in the spots, which were evidently due to weather conditions. The 
disease develops during wet, cloudy weather and subsides during dry, clear weather. It 
was more severe on limestone soils than on volcanic soils. Microscopic examination 
showed the cells in the infected areas black and collapsed. The writer does not question 
the results obtained in Hawaii, but certainly the fungus is not necessary for the disease 
in Puerto Rico. 

Fusarium Mml rot of hidhous iris. Bon B. Creager. 

A Fusarium root and bulb rot of Spanish and Butch iris was first observed by the 
writer iff the summer of 1929 on Long Island, N. Y. The disease is very destructive to a 
number of commercial varieties, including Cajanus, Hart Nebrig, and Imperator. The 
pathogen enters the roots and finally involves the basal plate and scales of the bulb. It 
is a species of Fusarium of the Ele pans type closely resembling Fusarium oxysponm. 
Its pathogenicity has been established as a result of inoculations of healthy bulbs in moist 
chambers and by growing healthy susceptible varieties in artificially infested soil. Pre- 
planting dix‘>s with certain fungicides have given fair control in trial tests. 
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Effect of temperature on hrown patch of turf, Arnold S. Oahl. 

Analysis of five summers ^ temperature records at the Arlington turf garden, Bosslyn, 
Va., showed that the occurrence of brown patch caused by EMsocionia solani varied 
directly with the temperature. A period of low temperature was not necessary for the 
fungus to become active. The disease occurred 82 per cent of the days that the minimum 
temperature was above 21° C. The germination of selerotia of several strains of E, 
solani obtained from different sources was studied in Petri-dish cultures on potato-dex- 
trose agar at temperatures from 8° C. to 40° 0. in 4° intervals. The time interval re- 
quired for germination at each temperature was recorded. There was some variation be- 
tween the different strains in response to temperature. Some strains germinated at 8°, 
others did not, but all germinated at 12°. The shortest period of germination occurred 
at 28° or 32°, and all strains germinated at 36° but none at 40°. The selerotia did not 
require any drop in temperature to facilitate germination and did not germinate so 
quickly in most cases when the temperature was temporarily lowered as when it was 
kept constant. Chilling the germinating selerotia did not increase the amount of mycelial 
growth except when the cultures were kept at the unfavorable temperature of 36° C. 
before and after chilling. 

Snow mold and hrown patch caused hy Sclerotium rhisodes. W. H. Davis. 

Snow mold and brown patch were observed extensively on golf greens, lawns, and 
meadows in ISTew England. Snow mold generally formed during the thawing of deep 
snow of long standing ; brown patches were caused by the mycelium from germinated 
snow-mold selerotia, and a silver tip’^ resulted from inoculations of overwintering leaf 
tips by mycelium associated with snow mold and browm patch. 

Specimens of snow mold ivere received from 54 stations in 15 States distributed 
in eastern United States as far south as Virginia; west to Idaho; north to Orono, Me.; 
also, from Ottawa and the Canadian Bockies in Canada. 

There were two types of snow mold, the sclerotial and the non sclerotial. This 
study is limited to the sclerotial type. 

Turfs established by j)lanting rhizomes with selerotia of snow mold attached be- 
came infected with brown patch. An average of 175 selerotia were formed on rhizomes 
over each square inch of one brown patch. In the field, selerotia germinated after a rest 
period varying from 2 to 12 months ; under laboratory conditions, when stored dry, 3 
months to 2 years ; from leaves showing silver tip, 9 months to 4 years, with a maximum 
viability of 9 years. 

The mycelium of the fungus was of two types; nonpathogenic or sclerotia-f orming ; 
pathogenic or of sclerotial origin. 

Disease-resistant wheats recently introduced f rom Eussia, James G. Dickson and B. G. 
Shands. 

Triticum persicum var. stramineum and T. timophavii, obtained from the collection 
of Dr. N. I. Vavilov, have shown resistance to Euccinia triticina, E. graminis tritici, and 
Erysiphe graminis and have produced fertile hybrids with the common varieties of T, 
milgare, Triticum persicum var. stramineum has shown greater stability in resistance and 
varietal characteristics and has proved more suitable agronomieally than other varieties 
tested. Triticum timophavii has been immune from rusts in 2 years ’ field tests and only 
slightly susceptible to E, graminis during the later stages of plant development when the 
floral structures were slightly mildewed. This species was fairly resistant to scab in 1 
yearns test. The Ei generations from crosses of T. vulgare with both the Bussian species 
have been intermediate or susceptible to leaf rust. (Cooperative investigations between 
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the Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department 
of Agriculture, and the Wisconsin Agricultural Experiment Station). 

Nature of resistance of corn to seedling Wght. James G. Dickson, Karl P. Link, and 
A. D. Dickson. 

Previous investigations have shown differences in chemical composition generally 
correlated with maturity of seedling tissues, especially the cortical structures. The 
rapidly maturing tissues in the resistant seedlings seemingly prevent advance of the 
fungus and furnish an unfavorable nutritive substrate for the parasite. Embryonic 
structures in the resistant seedlings have shown a much higher acidity than similar regions 
ill the susceptible plants. The presence of polyuronides, principally polyglucuronides, 
have been found correlated with the high acidity in these tissues. The resistant seedlings 
grown at 12°“16° C, contained approximately 20 per cent more uronic acids than sus- 
ceptible seedlings. Dilute solutions of the uncombined acids gave a pH of 2.5-3.0 and 
reduced fungus growth when added in low concentrations to the culture solutions. The 
calcium salts of the acids were much less active in inhibiting fungus growth. (Coopera- 
tive investigations between the Wisconsin Agricultural Experiment station and the Di- 
vision of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of 
Agriculture). 

Environment and seed treatment in relation to common potato scab. B. J. Dippenaar. 

The combined relation of soil moisture and soil temperature to the development of 
common potato scab was studied in the Wisconsin soil-temperature tanks. At each of 5 
temperature stages between 13° and 25° C., inclusive, scab development was greatest at 
40 per cent of the water -holding capacity of the soil used, successively decreasing at 55, 
70, and 85 per cent. Little or no scab developed at 70 per cent of the water-holding 
capacity or above, while relatively few or no tubers grown at 55 per cent or below were 
free from scab. Temperature in the same experiments was less important than soil mois- 
ture j bad to severe scab developed at each of the temperatures with the same low soil 
moisture. Both scab and tuber development in these experiments seemed to be best at 
about 17° C. Simliar results were obtained in experiments in which the temperature 
fluctuated. 

Both 5- and 10-minute treatments of very scabby seed potatoes in acidulated mercuric 
chloride (0'2 per cent HgCL 2 -l-l per cent HCL) gave as good results against scab as the 
standard treatments in corrosive sublimate or cold formaldehyde. In the same experi- 
ments, however, acidulated mercuric chloride was the most effective against Rhizoctonia. 

Ferfect stage of Sclerotium gladioli. E. L. Drayton. 

This fungus was described as the cause of the dry-rot disease of gladioli. Since then, 
other genera of the Iridaceae have been added to the suspect range, vis.. Crocus, Ei^eesia, 
Tritonia (Montbretia), andLapeironsia (Anomatheca). 

No sexually produced fruiting bodies of this fungus have yet been observed in 
nature, but the discovery of the sexual function of its microconddia has made it possible 
to obtain apothecia in artifleial cultures as a result of reciprocal crosses between com- 
patible isolates. In these crosses microconidia are applied to receptive structures de- 
veloped on a stroma. 

The apothecia are typical of those found in Sclerotinia. The fungus is, therefore, 
transferred to this genus under the name Sclerotinia gladioli (Massey), n. comb. 
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differentiation of green- and yellow-mosaic viruses m to'bacco. J. Dufrekoy. 

Confirming McKinney’s resnlts on the complex nature of viruses, it was observed that 
juice from yellow areas of mosaic-tobacco leaves (as obtained from the field) produced 
local ^'yellow” areas where inoculated into mature leaves of tobacco. The cells show’^ed 
degeneration of x)lastids, and the cytoplasm, near the nucleus, assumed the pattern of a 
network of threads, enmeshing a number of small vacuoles where phenolic compounds 
became abundant. 

Leaves developing from upper buds a few weeks after inoculation of lower leaves 
show typical mosaic (cells showing striated and plate bodies). 

The juice from ^^pale green” areas of mosaic leaves produce no local lesion wdiere 
inoculated but induce typical green mosaic in leaves subsequently develox^ing from buds. 

Nectria cocoinea on heecli. John Ehrlich. 

A nieiiaeing disease is resulting in wide-spread mortality to the beech, Fagus grandi- 
/oZm, stands of the Canadian Maritime Provinces. A survey of the affected regions dis- 
closed that apxoroximately 90 per cent of the beeches over 3 in. d.b.h. in forest stands are 
infected and that approximately 50 per cent are already dead ivhere attack has continued 
for several years. The disease wms caused by Nectria coccinea, following attacks by the 
beech Cry'ptococcus fagi. Field observations, inoculations and other experiments, 

and histological studies showed that the fungus enters the minutely fissured periderm of 
trunk and branches where the insect has been feeding and grows rapidly through bark, 
phloem, cambium, and perixiheral sap-wood. Death of these tissues and interruption of 
conduction result. Both fungus and insect are disseminated by wind, the fungal spores 
during and after rain and the insect during egg and larval stages in summer and autumn. 
The fungus is advancing southward and westward and has just been found in Maine. The 
insect already occurs as far south as Boston, Mass. Control lies in protection against or 
eradication of the insect, which is practicable with ornamental trees, and in the possibility 
of forest management planned to minimize the severity of attack. 

Basal glume rot of 'barley. Charlotte Elliott and A. G. Johnson. 

In 1931, typical specimens of basal glume rot of wheat were received from Arkansas. 
Along with these were specimens of barley heads with some of the kernels showing char- 
acteristic, dull brownish black bases, which symptoms suggested basal glume rot. The 
discolored areas were teeming with bacteria. Isolations from both ivheat and bailey 
specimens yielded similar organisms Loth of which were identified as Bacterium atro- 
faciens. 

Inoculations with the organism isolated from wheat reproduced the characteristic 
symx>toms on wheat and barley and from these lesions the typical white organism was 
reisolated. The organism isolated from barley produced blackening at the bases of spike- 
lets of both wheat and barley, from -which pure cultures of the white organism were re- 
isolated. Eeisolations of the wheat organism from barley again produced typical dis- 
coloration on heads of wheat and barley. 

Influence of soil moisture and soil temperature on infection of wheat by XIrocystis tritici. 

J. A. Faris. 

Experiments, in which Harvest Queen wheat was inoculated with flag-smut spores 
and germinated under controlled conditions of temperature and moisture, indicate that 
high infection may be secured over a, relatively wide range of temperature (10° to 20° 
C.) when the soil is rather dry during the period of the germination of the wheat. 
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When the soil moisture was at 40 per cent, that is, at about the point considered 
ideal for sowing wheat, high infection was secured only when the wheat was germinated 
at temperatures of 10° and 15° C. 

When the soil was almost saturated (60 per cent), high infection was secured at 10° C. 
Infection percentages dropped very rapidly at temperatures higher or lower than this. 

Effect of seal) -preventive treatments on apple-tree growth and yield. Donald Folsom. 

In a young McIntosh apple orchard in Maine, 350 trees were studied for 5 years in 
45 replicated plots. Four series, respectively, received sulphur dry mix, sulphur dust, 
lead arsenate, and dry lime sulphur during this period and produced average stem 
diameters of 41, 40, 39, and 38 mm, A fifth series, receiving flotation sulphur 3 years 
and nothing 2 years, grew to 38 mm. The diameter differences here were not significant 
statistically and were much less than the generally significant stem-diameter differences 
found with several natural modifications of the soil, a sandy loam. In an adjacent older 
McIntosh orchard in 28 comparisons, each involving a series of trees treated with un- 
modified dry lime sulphur, this material generally tended to increase rather than decrease 
fruit yield and had no effect on rate of girth increase. Here, in 20 comparisons, using 
individual-tree data, there generally was no significant correlation between leaf scab, leaf- 
spray injury, yield, and growth within the same season, while further correlations showed 
an interpedendence of fast growth, earliness of first yield, and the yield rate for a period 
of recent years. 

Potato UCber rot caused hy Botrytis cinerea. Donald Folsom. 

Botrytis cinerea was readily isolated in different seasons from a rot of potato tubers 
stored in Maine. In this type of rot the skin becomes wrinkled, while the flesh easily 
loses water under pressure. Where advancing rapidly, the rot causes a temporary dark- 
ening of the flesh. Different cultures of the fungus, including some isolated from potato 
foliage and stems during an epidemic of Botrytis blight in the field, have, under certain 
conditions, caused the same kind of rot as that found in storage. A different form of 
rot also has been obtained under certain other conditions, where all inoculations have been 
successful but where the lesion did not penetrate more than 1 or 2 cm. deep. The fungus 
has been reisolated, reinoculated, and again reisolated, without particular difficulty except 
where conditions Avere very favorable for wound repair. 

Cytospora canlcer of Picea spp. C. J. Gilgut and 0. C. Boyd. 

For many years the dying of lower limbs of blue spruce, Picea pungens glaucaj and 
to less extent Norway spruce, P. excelsa^ has been observed in Massachusetts. In 1923 
a limb canker of unknown cause was reported on P. sp. from Connecticut. In 1930 a 
species of Cytospora was found constantly associated with spruce cankers in Massa- 
chusetts. The same year, C. s}p. was reported from New Jersey on P. pungens hosteri. 

Cytospora limb canker on blue spruce is wide-spread in Massachusetts and frequently 
involves from i to i of the limbs. The disease attacks smaller branches, as well as 
larger limbs, but trunk infection has not been observed. It usually starts on a lower 
limb and spreads upward and laterally. There is pronounced gummosis in most cases 
but rarely, if ever, any hypertrophy or atrophy. No organism other than Cytospora has 
been found in the cankers. 

Spring inoculations with pure cultures of Cytospora from blue spruce produced 
typical limb cankers by fall, with pycnidial formation, gummosis, and death of limbs, 
on both blue and Norway spruces. Eeisolations yielded the same organism in pure 
culture. 
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Method of estimating loss in yield from cereal diseases. F. J. Greaney. 

During the past 8 years, field experiments have been made each season to determine 
the value of sulphur dusting for the control of cereal rusts. The data accruing from ex- 
periments, in which ^le amounts of disease on individual plots were varied by sulphur 
dustings at different rates and intervals, were used to estimate the loss in yield due to 
stem rust, Fuccinia< graminis. 

The method employed has been that of correlating rust percentage and yield in a 
single standard variety. Each year the results were summarized in the form of correla- 
tion coefficients and regression equations. When the correlation coefficients obtained were 
statistically significant it was found that the regression of yield on percentage rust was 
linear, indicating that uniform increases in rust result in uniform reductions in yield. 
It was possible, then, to determine the reduction in yield for each 10 per cent of stem rust. 
The value thus obtained was used in calculating the annual loss from stem rust in Mani- 
toba. The method has been used also to estimate the loss in grain quality from rusts 
and from some of the minor diseases of cereals. 

Production of a white fertile saltant of Helminthosporium sativum hy means of ultra- 
violet radiation. E. J. Greaney and J. E. Machacek. 

Preliminary studies on the effect of ultra-violet light on growth and saltation in 
Helminthosporium sativum have showm that some of the strains of this fungus were ap- 
parently unaffected by the rays, but the majority produced sector and internal saltants. 
The saltants, so far, have remained constant. In addition to a decided increase in the 
frequency of saltation, irradiation produced a marked suppression of growth in those 
strains affected by the rays. 

One strain of H. sativum irradiated with ultra-violet light produced a strongly 
sporulating, albinistie saltant. The spores and mycelium of the saltant are hyaline but, 
in mass, pale pink. Pathogenicity studies in greenhouse and field have shown it to be 
as virulent as the parent. It has been recovered unchanged from the diseased plant parts. 
The problem of fixing the taxonomic position of this new fungus x^resents some difficulty. 

Control of Alternaria dianthi causing a serioiis disease of the carnation. E. P. Guba. 

Wide differences exist in the reaction of carnation varieties to infection. The dis- 
ease is of consequence only on plants grown in the field and is occasionally destructive in 
the cutting beds and in the flats. 

Dipping the cuttings in 1-1,000 solution of potassium permanganate for 5 minutes 
greatly improved rooting and helped to control the disease in the cutting bench. 

Laboratory experiments reveal the superior toxicity of Bordeaux 4-4-50 and calcium 
arsenate 1-50 to the eonidia. Bordeaux and calcium arsenate with i pt. of linseed oil 
was the most efficient fungicide in the field. The use of Bordeaux on benched plants in 
the fall added to the control of the disease. 

Benching field-grown plants by the first week in July was the most effective control 
measure. The age of the plants has an influence upon the prevalence of disease. 

Naphthalene fumigation in comparison with syringing with water, for controlling 
the red-spider mite, indirectly lessened the amount of disease and increased the number 
of blooms. A spray containing 5 per cent salt and 0.2 per cent nicotine sulphate, which 
is occasionally used for mite control, was not toxic to the eonidia and was shown to in- 
crease the hazard from the disease. 
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Control of the root-Tcnot nematode in greenhouses with carhon disulphide emulsion. E. E. 

G-tjba. 

Greenhouse soil treatments with carbon disulphide emulsion have given good control 
of the root-knot nematode, Heterodera radicicola, and have restored normal yields of 
tomatoes. A stock emulsion containing 68 per cent carbon disulphide, 26 per cent water, 
and 6 per cent resin-tish-oil soap, diluted in water to make a 1-50 concentration, was 
applied at the rate of 1 gal. per sq ft. of bed. The cost for materials is approximately 
9/10 of 1 ct. per sq. ft. The addition of 2/3 gal. of formaldehyde to the above formula 
is required to control fungous pathogens and weeds, at an additional cost of approximately 
7/10 of 1 ct. per sq. ft. 

The removal of the large infested roots when the old vines are cleaned out, a lapse 
of 2 to 3 weeks to permit decay of root material, and thoroughness of application add 
to the efficiency of this chemical treatment. A further delay of 1 week after treatment 
is necessary before planting. 

Carbon disulphide emulsion should find particular use in greenhouses not equipped 
for efficient steam or hot-water sterilization or where it may be more practicable and de- 
sirable to use this chemical, and it should encourage a more general use of formaldehyde 
for controlling fungous pathogens. 

Damage to forest products hy fungi. Cabl Hartley. 

The financial losses due to the deterioration of forest products are much larger than 
those caused by equal amounts of deterioration in the living tree. In meeting timber 
shortage, pathologists can give more immediate help through decreasing the drain due 
to forest-products fungi than by developing methods for combating diseases of the 
standing forest. Fungi that cause discoloration are of increasing importance because the 
sap-wood they attack forms an increasing proportion of the lumber we use. New anti- 
septics, including ethyl mercury compounds and chlorinated phenolates, have been found 
to give lumber a high degree of protection during the seasoning period at costs for ma- 
terials little over i ct. per 100 sq. ft. of surface protected. Becay is much more important 
than stain. Various estimates have placed the amount of timber that goes annually to 
replace destroyed material at between 1/6 and 1/12 of the total cut. Even the lowest 
estimate, when applied to saw timber, is equal to 41 per cent of the estimated annual 
growth of such material in the forests of the country. An increasing proportion of the 
timber in use in exposed situations is protected by preservatives, but recent architectural 
styles favor decay in frame buildings. 

A hrooming disease of Bohinia pseudoacacia transmitted hy grafts. Carl Hartley and 

L. W. E, Jackson. 

The disease is common on sprouts in the Middle Atlantic States. Aside from the 
conspicuous witches^ brooms, no definite symptom has been recognized- Few large trees 
have been found with visible disease in the tops, and only one showed the burls men- 
tioned in a previous paper. Broom production occurs mainly during late summer. Per- 
haps because of the abnormally late growth, broomed portions of crowns ordinarily die 
during the following winter. A root may continue to produce broomed sprouts year after 
year without signs of abnormal growth in the crown of the tree to which it belongs. An 
infected tree may to all appearances entirely recover, but trees not noticeably abnormal 
sometimes send up many broomed sprouts from the trunk after they are cut. It is pos- 
sible that part of the dying back of the locusts in some localities, without brooming of 
the crowns, is due to this disease in the roots. A Camarosporium found frequently asso- 
ciated with the disease is not believed concerned in causing it. Graft transmissibility is 
demonstrated in a paper to appear in an early number of Phytopathology. 
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Pnre-culUre technique for quantitative studies of plant growth m association with 
microorganisms. A. B. Hatch. 

Au apparatus devised possesses none of the undesirable environmental limitations 
inherent to ordinary pure-culture methods. It exhibits qualities of environment that are 
comparable to those that exist in open sand cultures placed in an artificially cooted and 
dehumidified greenhouse. The plant chamber consists of a copper base, containing a 
Pyres iar for sand and supporting an inverted Pyres jar that is sealed to the base with 
Be Khotinsky cement during sterilization. A continuous stream of sterile air passes into 
the chamber through a large diatomaceous filter. Sterile nutrient is introduced and re- 
moved through a Pyres tube that estends to the bottom of the sand container end that is 
bacteriologieally’ sealed at the open end (Doak ’s technique) . The chambers are housed in 
a s mall air-cooled compartment of a greenhouse. The culture method permits; (1) com- 
plete change of nutrient at frequent intervals; (2) maintenence of an atmosphere o 
normal composition, humidity, and temperature; (3) direct solar irradiation (through 
glass) ; and (4) the growing of tree seedlings in quantity. A wide range of Pyres jars 
is available with which chambers may be constructed in sizes suitable for most agricul- 
tural crop plants. 

True mycorrhizal fungus in contrast to Mycelium radiois atrovirens. A. B. Hatch. 

A fungus with black mycelium was isolated from black mycorrhiza of Pinus syl- 
vestris growing in Sweden. It is provisionally named Mycelium radiois nigrostrigosum. 
In pure culture with P. strobus and P. resinosa it formed typical ectotrophie mycorrhiza. 
Mycelium of the M. resinosa atrovirens type, isolated from the same type of mycorrhiza 
on P sylvestris, overgrew and killed similar pure-culture seedlings. The latter fungus in 
aerated culture neither attacked the aerial portion of the seedlings nor formed mycorrhiza. 
It apparently exhibits maximum development on the surface of short roots that have been 
eoBverted to myeorrliiza by other fungi. 

Seed-home lacteria main cause of pea wilt; Fusarium, Aphanomyces, and other organisms 
merely subsidiary. Louise Solberg Heimbeck. 

Pea wilt is best studied on peas grown in water cultures, i.e.^ Bothamsted solution, 
as fatty substances then oxidize slowly, so that the cell walls of the roots are easily 
penetrated by the bacteria, which attack primarily meristematic tissues just becoming 
dilferentiated. Boot tips are discolored and stop growing. Entrance to the vascular core 
is chiefly forced through endodermal openings formed by secondary rootlets. The host 
cells react by coating the intruders with a yellow brown reddish gum-like substance, in 
which the bacteria lose their identity for a microscopical observer. Stained microtome 
sections of attacked plants from water cultures, however, disclose the bacteria. 

Once inside the translocation system, the bacteria may reach the growing pod and 
enter the ovule, which, nevertheless, may develop into a viable seed. Seedlings originat- 
ing from infected seed show vascular discolorations in the cotyledon petioles, in epicotyl, 
or root. Tinder good growing conditions they may develop into apparently healthy seed- 
bearing plants, if cold wet weather or attacks of subsidiary parasites do not so lower 
their vitality that the bacteria get the upper hand and the plants wilt. Besides existing 

internally in infected seed, the bacteria live in infested soils. 

Increasing the resistance of tobacco ring -spot virus to aging in vitro by use of carholic 
acid, B. 0. Henderson. 

In preliminary experiments it has been found that a small quantity of earoblic acid 
added to expressed juice increases the resistance of the tobacco ring-spot virus to aging. 
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Virus-inf eeted juice to whiclx sufficient 5 per cent carbolic acid solution was added to 
make a concentration of 0.25 per cent was biglily infectious after incubating for 7 days 
at 27° 0. The virus in juice treated with toluene was not infectious on the seventh day 
and in untreated juice on the third day. 

Water loss in tomato mosaic. J. W. Heuberger and J. B. S. Norton. 

Detached mosaic leaves lost 62 per cent of their weight by drying, while healthy 
leaves lost 39 per cent. Standard cobalt-chloride paper readings on leaves on the plant 
showed that mosaic leaves were transpiring at a much faster rate than healthy leaves, 
especially on the upper surface. 

Plants grown in nutrient solution showed greater transpiration j)er gram of dry 
weight and per leaf-surface area in long-infected mosaic plants than in healthy ones. 
There was a sharp drop in transpiration coincident with the appearance of the first visible 
mosaic syznptoms, but no certain effect of the virus before that time was observed, as 
shown by relative water loss or by difference in dry weight. The transpiration rate 
of the mosaic plants gradually increased after the initial sharp drop. The plants used 
were selected for equal transpiration, at which time half were inoculated. 

Bound water in leaf tissues of he at -resist cmt and heat-susceptible inbred strains of yellow- 

dent corn. J. E. Holbert and B. C. Frye. 

Total-, free-, and bound-water determinations made by heat-of-fusion-of-ice method, 
July 17 to August 3, 1932, indicated that water-binding capacity of leaf tissue of heat- 
resistant strains of yellowy-dent corn increased as heat and drought continued, with tem- 
peratures ranging from 95° to 103° F. From July 19 to 26, total-water content decreased 
5.4 per cent and bound water increased 62.1 per cent (wet basis), or 35.2 per cent, (dry 
basis). On second day following one-half inch of rain on night of July 25, which resulted 
in higher relative humidity and loiver air temperatures, there was another marked shift in 
bound-water and free-water equilibria in direction of condition existing prior to heat 
and drought period,* namely, total-wyater content increased 1 per cent and bound water 
decreased 23.2 per cent (wet basis), or 21.5 per cent (dry basis). 

Water-binding capacity of comparable leaf tissues of heat-susceptible strains in- 
creased very little as heat and drought continued and, in some strains decreased sig- 
nificantly. During first 3 days after heat and drought period had passed, heat-susceptible 
strains made phenomenal growth, and their water-binding capacity increased rapidly 
and almost equalled that of heat-resistant strains. 

Prehardening for heat as well as for cold has been found associated with marked 
increases in water -binding capacity. (Cooperative investigations betw'een the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, 
the Illinois Agricultural Experiment Station, and Funk Brothers Seed Company). 

Bacterial leaf blight of dent corn. J. E. Holbert, Charlotte Elliott and Benjamin 

Koehler. 

Bacterial leaf blight of corn was prevalent throughout Illinois and other parts of the 
Corn Belt during 1932, occurring in all of the 66 fields surveyed. By the middle of 
August some strains and fields presented a general appearance somewhat similar to severe 
firing from heat and drought. Loss in green-leaf area, directly traceable to local bacterial 
infection, ranged from a trace to more than 50 per cent, with an average of 16.6 per 
cent. 

Numerous isolations have shown that in most cases the wilt organism present in these 
leaf lesions was not present in the same leaf veins farther down in the leaf blade nor in 
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the sheath or bundles of the stalk below the infected leaf. Differences in strains of the 

pathogen have been noted. ^ j. „ 

The reduction in leaf area apparently increased susceptibility to Diplodia stalk lot 
and to ■’killin g and freezing injuires and decreased breaking resistance of stalks and 
total yield and quality of grain. Similar results were obtained by artificially removing 
comparable amounts of green-leaf area in plots relatively free from leaf blight. 

Different inbred strains and their crosses showed marked differences in resistance to 

bacterial wilt. _ 

(Cooperative investigations between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, Illinois Agricultural Expeii- 
ment Station, and Punk Brothers Seed Company). 

Diferences m size and shape of smut halls of two physiologio forms of XiUetia trUioi. 

C. S. Holton. 

Observations have shown that 2 physiologic forms of Tilletia tritiei that attaoc 
Hohenheimer wheat may be distinguished by differences in size and shape of their^re- 
spective smut balls. During the 2 years that these 2 forms have been under observa ion 
in the field, 1 of them produced large and somewhat elongate smut balls^ and the other 
produced comparatively small and distinctly rounded smut balls. These differences were 
sufficiently striking and constant to permit positive identification of each o^ «'ese .■ 
forms by these means. In addition to these differences, these 2 forms differ also in 
pathogenicity, prominence of spore-wall reticulation, and, to some extent, in t le ra e o 
eblamydospore germination. 

(Cooperative investigations between the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, and the Washington and 
Oregon Agricultural Experiment Stations). 

Inheritance of ohlamydospore characteristics in oat-smut fungi. 0. S. Holton. 

The Pi chlamydospores of crosses between monosporidial lines of XJstilago avenae 
and Zr. lews are echinulate. Approximately 99 per cent of the P, sporidia of all the 
species hybrids studied were noi>culturable, and, therefore, a definite segregation ratio 
for ohlamydospore markings could not be determined. However, both echinulate and 
smooth chlamydospores were segregated in the Pi generations, which were prodiic«l by 
inoculating with P. chlamydospores. The echinulate chlamydospores predominated in all 

A cross between two of the P, monosporidial lines referred to above produced a buff 
smut the chlamydospores of which were smooth and hyaline. The P, chlamydospores of 
crosses bet^^'een this buff smut fungus and H. lews were smooth and brown, and in crosses 
between the buff smut fungus and V. avenae they were echinulate and brown. In the 
hybrids produced by crossing the buff smut fungus and V. levis, the color of chlainydo- 
spores segregated in a 3 : 1 ratio. Segregation studies in the hybrids produced by cross- 
ing the buffi smut fungus and TJ. avenae have not been completed. 

(Cooperative investigations between the Division of Cereal Crops and Diseases,^ Bureau 
of Plant Industry, H. 8. Department of Agriculture, and the Washington Agricultural 
Exx^erimeiit Station. . 

Influence of root rot on peas. March of the disease. James G. Horsfall and Z. I. 
■Kertesz. 

An unfolding xneture of the incidence of disease on pea roots caused hj Pythkm^ 
Bhwoctonia solani, Ascoehyta pinodella, My cosphaerella pinodes, Fusarium martii 
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pisi, and other mieroorganisms, and the influence of this disease complex on the morbid 
physiology of the plants was obtained by collecting 50 random plants weekly during the 
1932 season from an area artificially infested with heavily contaminated field soil and from 
a contiguous area of normal soil. Trend curves show how the incidence of disease was 
correlated with temperature and rainfall and how it stunted the plants ■ how it decreased 
the relative and absolute amounts of dry matter per plant ; why this decrease was due 
to disease alone and not to low fertility or soil toxins in the infested soil; how the dis- 
ease cut short the blooming period, resulting in fewer pods and peas per plant, although 
the number of blossoms or pods was a function of the dry weight per plant (1 pod per 
0-90 gm. dry matter) irrespective of disease; how root rot forced a larger proportion of 
the total dry material in each plant into the peas themselves; and how it curtailed by 20 
per cent the yield of fancy’’ grade peas per unit area. 

Solerotium diseases of grains and grasses. C. W. Hungeefoed and Ruth Remsberg. 

Diseases of grains and grasses produced by several sclerotial fungi that appear in the 
field after the snow melts have been increasing in occurrence and importance in the 
high-altitude regions of Idaho during the last few years. Fourteen cultures have been ob- 
tained of these organisms, whose optimum temperatures for growth range from 0° to 10® 
C. These 14 fungi have been placed in 4 groups, according to their morphological and 
physiological characteristics. One of these groups corresponds in growth characteristics to 
a culture of Typhula graminum^ supplied by H. Tasugi of Japan. Attempts made to ob- 
tain the perfect stage of these organisms have not been successful. Pathogenicity of 
several of the organisms has been established by both laboratory and field inoculations. 
The disease apparently caused by T. graminnm is best controlled by late seeding and also 
by using resistant varieties of cereals. 

Zino hydroxide^ a substitute for calcium hydroxide in arsenical sprays. E. H. Hurt. 

Zinc hydroxide seems to be a promising substitute for ca,lcium hydroxide for the pre- 
vention of arsenical injury to the foliage of peach trees and snap beans. This material, 
in combination with arsenicals, may be used either as a dust or as a liquid spray. In 
either case the zinc hydroxide should replace the hydrated lime pound for pound. For 
the prevention of arsenical injury in large commercial spraying operations, it will no 
doubt be more economical to use the zinc-lime combination (8 lb. zinc sulphate, 8 lb. 
hydrated lime, and 100 gal. water) that is now in general use in Virginia as a peach 
spray. But, for small-scale operations, zinc hydroxide in combination with arsenicals, 
should prove economical and effective when used as either a dust or spray. Present re- 
sults show that certain varieties of apples are subject to russeting by zinc hydroxide. 
Such injury, however, does not seem to occur when the zinc hydroxide is used in com- 
bination with sulphur. Zinc hydroxide may be prepared in the powdered form and then 
used or stored in the same way as hydrated lime. 

l?each mosaic. Lee M. Hutchins. 

A new virosis of the peach has been discovered in Texas. Known distribution is 
confined to a few counties in the central and in the southern portions of the State. The 
disease is spreading, a few home orchards are severely infected, but occurrence is as yet 
rare in commercial orchards. The disease is communicable by budding and by root 
grafting. Outstanding characters are: striking mosaic patterns in young leaves, an 
abundance of small, crinkly leaves with wavy margins, short internodes, clusters of twigs 
that somewhat resemble witches ’-brooms, and irregular, bumpy” fruits. The mosaic 
character of the leaves may be fugitive, and the twigs behave variously in growth char- 
acters. 
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Bacterial wilt of corn. S. S. Ivanoff. 

An underground agent of transmission of Stewart’s wilt disease of corn was found 
to be the western corn root worm, the larval stage of Bia'brotica longicornis. Such larvae, 
which had fed upon the roots of plants infected with Aplanol)acter stewarti, repeatedly 
transmitted the disease when placed on the roots of healthy plants in the greenhouse. 
In addition to the typical Stewart’s wilt organism several bacterial cultures were isolated 
from mlted plants from various localities and were purified by single-cell isolations. 
Following their inoculation into corn, there appeared certain symptoms, such as leaf 
stripes, stalk rot, yellowing, and wilting, which have frequently been associated with 
Stewart’s wilt. Field inoculation trials with these bacteria on yellow-dent and sweet 
corn showed differences both in the severity of disease in individual plants and in the 
percentage of disease in the inoculated plants. Bacteriological studies thus far have 
shown that these cultures differed consistently both from the typical Stewart’s wilt 
organism and from one another in colony characters and in certain physiological reactions. 

Effect of sulphuric acid and aluminum sulphate, as used for the control of damping-off 

of conifers, on soil pK. L. W. R. Jackson. 

pH determinations made in the seed beds at a number of nurseries throughout the 
United States show that the reaction change is restricted to the upper soil layer. For 
most of the soils tested, the surface application of either sulphuric acid or aluminum 
sulphate did not change the pH much below a depth of 2 in. The maximum reaction 
change, as shown by the lowest pH, usually occurs at a depth of i in. The degree of 
acidification at the time of treatment depends on the nature of the soil. 

Effects of JS-ion and aluminum-ion concentrations on conifer damping-off. L. W. R. 

Jackson. 

Seedlings of Pseudotsuga taxifolia and Finns ponderosa were grown and inoculated 
with Pythium and Rhizoctonia in liquid and quartz-sand cultures. The pH varied with 
intervals of 1 unit from 2.5 to 8.5. A nutrient solution, stable through a wide pH range 
in the presence of iron and aluminum, was developed by using disodium glycerophosphate 
as a phosphate source. In liquid cultures without aluminum, damping-off percentages 
increased from 0 at pH 2.5 to a maximum near the neutral point. In sand cultures 
damping-off percentages also increased with the pH. In sand cultures the addition of 
aluminum-ions by means of aluminum sulphate appeared to cause further decrease in 
damping-off at pH 3.5 but not at pH 6.5. pH 2.5 was always toxic to seedlings, while 
at pH 3.5 growth was excellent. Fungi were grown in the same solution and at the 
same pH. Growth of several Pythium cultures from both acid and alkaline soils w^as 
inhibited at pH 2.5 and 3.5 while it increased from pH 4.5 to 6.5, and then decreased to 
almost complete inhibition at pH 8.5. There was also a relationship between pH and 
chlamydospore and oospore production. Rhizoctonia was able to grow over a wider 
range of acidity, making appreciable growth at pH 3.5. 

Physiologic forms of Premia lactucae on lettuce. Ivan 0. J agger and Norman 
Chanuler. 

In breeding lettuce for resistance to mildew {Premia lactucae), several apparently 
distinct physiologic forms of the fungus have been encountered. In trials at Sanford, 
Fla., in 1922, 9 varieties of lettuce showed a high degree of resistance. The same 
varieties showed similar resistance at Chula Vista, Calif., during succeeding seasons. 
In 1926 only 2 of these varieties showed marked resistance in England to the apparently 
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distinct physiologic form of the fungus encountered there. In 1927 3 varieties were 
highly resistant to a third physiologic form prevalent that season in Imperial Valley, 
Calif. 

The variety Bomaine llonde lente d monter, obtained from Eranee, has, so far, 
shown considerable resistance to all forms of the fungus encountered. Crosses with this 
have given several strains of New York or “Iceberg” type lettuce that are highly 
resistant to mildew at Chula Vista. In central California there seems to be a fourth 
physiologic form of mildew, which attacks several of these strains in various degrees, but, 
so far, the strain ^'Imperial has proved practically immune. Recent parallel in- 
oculations with these two physiologic forms of Bremia lactucae have demonstrated 
marked differences in their ability to attack several strains of lettuce under similar 
conditions. 

NaUire of injury caused 'by potato leaf hopper on forage legumes. Howwiid W. 

Johnson. 

Artificial inoculation with juice from yellowed and reddened leaves and from adults 
and nymphs of Empoasca fabae failed to produce symptoms of the injury, nor did 
symptoms develop on plants started as shoot cuttings from yellowed and reddened plants. 
Confining an adult E. fabae upon restricted areas of the leaf petioles of Ladino clover 
for 8, 16, and 24 hours resulted in the redding and yellowing of about 20, 60, and 50 
per cent of the leaves, respectively. With the 24-hour feeding exposure, an additional 
40 per cent wilted rapidly and turned brown. As compared with green leaves from non- 
infested plants, the yellowed and reddened leaves of alfalfa and Ladino clover are higher 
in dry matter, osmotc presesure of cell sap, reducing sugars, sucrose, starch, total poly- 
saccharides, and alcohol-soluble nitrogen but are lower in total nitrogen. Symptoms 
almost identical with those caused by the feeding of this leaf hopper were produced 
artificially by mechanically severing all but one of the vascular bundles in Ladino clover 
petioles and by girdling Ladino petioles and alfalfa stems with live steam. The chemical 
changes in leaves reddened and yellowed by artificial girdling and by leaf hoppers were 
essentially the same. These studies indicate that the reddening and yellowing caused by 
this leaf hopper are not the result of the injection of a specific inciting agent j virus, or 
toxin but are caused by an overaccumulation of the carbohydrate products of photo- 
synthesis, especially the osmotically active reducing sugars. 

Cucumber mosaic on tobacco in Wisconsin. James Johnson. 

Effect of leaf -rust infection on water economy and growth of two wheat varieties. C. O. 

Johnson and E. C. Millee. 

Two varieties of spring wheat, one susceptible and the other resistant to leaf rust, 
w^ere grown in sealed containers in the greenhouse and the water requirement determined 
for plants of various groups, arranged according to the time of initial leaf -rust infection. 

Following is the amount of water, in grams, required by each group of the varieties 
Pusa No. 4 (susceptible) and Warden (C. I. 4994) (resistant), respectively: 905.3 and 
500.8, inoculated first in seedling stage; 869.9 and 490.0, inoculated first in jointing 
stage; 791.4 and 509.3, inoculated first in boot stage; 619.1 and 480.7, inoculated first 
when fully headed; 456.8 and 510.8, non-inoculated controls. 

In the susceptible variety, the water requirement increased with increasing length 
of association of host and parasite. This was due principally to the depression of such 
plant characters as height, leafiness, tillering, and size of stems. Root development, 
date of heading, and date of maturity also were much retarded in infected i)lants of the 
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susceptible variety. These retardations were less marked in the resistant variety. The 
height of inoculated plants of the resistant variety was slightly reduced and the time 
required to mature slightly increased, but the yields of tops, grain, and roots were not 
materially affected. 


T^oo stem canlcers of the China aster, L. E. Jones and Begina S. Biker. 

Two diseases of the China aster were observed in Wisconsin and Illinois, September, 
1932, characterized by cankering of the aster stem that may lead to wilt. Each disease 
showed distinctive symptoms, but there was enough similarity at certain stages to permit 
confusion -with the familiar Fusarium wilt. The commoner and more serious of these 
cankers was caused by JPhomopsis callistephi, described as a new species from Illinois in 
1925 by Tehon and Daniels. This disease, as seen in September, differed in general from 
the Fusarium wilt in that (1) it seemed cortical rather than vascular; (2) it developed 
as a lateral canker on the aboveground stem rather than from the roots as a basal stem 
rot; (3) it showed abundant pyenidia on the diseased stem surface in the later stages. 
Phomopsis occurred in 4 out of 5 cloth-house aster plantations visited in Wisconsin and 
Illinois. In the worst case, where asters had been longest in culture, more than half of 
the aster plants of some strains were attacked. The other stem canker, caused by 
Botrytis sp.. "was observed twice, in both cases associated with excessive moisture. It 
was of minor importance and relatively easily identified. 


Seed transmission of the mrus. causing 'variegation of Ahutilon, John Y. Kexjr. 

The virus that produces variegation in Ahiotilon thompsonii and A. miclleri is in a 
limited way transmissible to some of the seedlings obtained by crossing these 2 cions. 
Out of 536 seedlings obtained from this cross 287 'were green and 249 showed ^ Varie- 
gated characteristics, which could be transmitted in but 4 instances to susceptible green 
A. reguellii scions by grafting. 


Effect of carhon dioxide on cultivated mushrooms, E. B. Lambert. 

By running carbon dioxide under bell jars containing growing cultivated mushrooms, 
it was shown that the accumulation of carbon dioxide in the air caused abnormal growth, 
stunting, and even death. Further experiments indicated that these effects were caused 
by carbon dioxide and not by the dilution of oxygen. It also has been demonstrated that 
the harmful effects w^ere due principally to the carbon dioxide surrounding the sporo- 
phores rather than to that in the interstices of the compost in .the bed. Approximately 
1 per cent carbon dioxide was the lowest noticeably injurious concentration. 


Bif e-history, morphology, and cytology of Bolymyxa graminis, G. A. Ledingham. 

This obligate parasitic fungus was discovered at Toronto in 1930 in the roots 
of Marquis wheat seedlings grown in Ontario soil. Two distinct types of thalli, one con- 
:sisting of thin-walled zoosporangia and the other of resting sori, are found in the life 
•cycle. 

The large, irregular septate zoosporangia are surrounded by a definite membrane 
and liberate numerous biciliate zoospores through exit tubes. 

The resting sori are round to elongate and several are often arranged linearly in the 
host cell. These multinucleate thalli segment to form spore balls. 

Two types of nuclear division occur during the development of both the zoo- 
!sporangia and the resting spores. Protomitosis occurs in the early divisions concerned 
with the growth of the thallus. Mitosis is found when segmentation commences. 
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The character of the resting sori and the oeenrrenee of protomitosis in the growth 
of the thalli indicate relationship with the Plasmodiophorales, Because of its well-de- 
veloped zoosporangia, unique among members of this order and showing affinities with 
the Chytridiales^ this fungus is worthy of recognition as a new genus to which the name 
Polyinyxa has been given. 

Bacterial twig and Wossom lliglit of raspberry, S. G. Lehman-. 

Ill June, 1932, the writer received some young diseased raspberry shoots bearing 
flower clusters with oiien blossoms and half -grown berries. The stems of the flowers 
and berries had died back for distances of 1 to 4 in., presenting the general aspect of 
fire blight (Bacillus amylovorus) resulting from blossom infection on apple. The dis- 
eased tissues were light brown and showed numerous small white droplets of bacterial 
ooze. Some of the leaves showed marginal dead areas bordered by brown water-soaked 
tissue that contained bacteria. 

A bacterial organism isolated from the diseased flower stems was found to be patho- 
genic when inoculated into raspberry cane tips. It has been recovered from artificially 
inoculated tivigs and used in successful reinoculations. This bacterium is also patho- 
genic on "Wild blackberry. It has thus far given only negative results when inoculated 
into apple water sprouts. Inoculations onto raspberry with bacteria isolated from 
apple fire-blight twigs and thought, but not proved, to be B. amylovorus have given 
negative results. Apparently, no one has published proof that raspberry is a suscept 
to B. amylovorus. Further studies will be necessary to a positive statement as to the 
relation of the raspberiy-blight-producing organisms to B, amylovorus. 

Crown gall on Sahuaro (Carnegiea gigantea). Michael Levine. 

Crown gall is unknown in nature in the Cactaceae. The production of well-defined 
crown galls on Sahuaro, the tree cactus, is reported for the first time. The galls were 
induced by inoculation of plants 5 to 6 years of age with a virulent strain of Bac- 
termm tumefaciens. The growths appear slowly at first and then develop more rapidly 
as the tumor becomes macroscopically recognizable. Tumors, 1 year after inoculation, 
are still very young. They section readily and present characteristic structures com- 
parable to those on the beet. 

The cells of the crown-gall tissue show an abundance of starch but in no case are 
mucilage or slime cells observed, although the host tissue in close proximity to the tumor 
tissue appears to have many more mucilage cells than are found in more distant parts of 
the plant. 

A number of species of Opuntia also were inoculated. Well-rooted plants, as well 
as parts of joints kept in sterile Petri dishes, failed to respond to inoculations with 
Bacterium tumefaciens. 

Blm diseases in America. 0. N. Liming. 

The Dutch elm disease is now wide-spread in Europe. Eight eases were found in 
America and eradicated in 1930 and 1931. NTo eases were discovered in 1932. Scouting 
has been limited and other infection centers may exist. In the three seasons specimens 
from 1,407 suspected trees were cultured at the Dutch Elm Disease Laboratory at Wooster, 
Ohio. Of these, 1,045 showed parasitic fungi, of which 146 were Verticillium and 336 
a fungus referred to Cephalosporium. Trees showing Verticillium one year seem to 
recover the next, but it is not yet known whether this recovery is permanent; trees 
affected with Cephalosporium show an increase in the diseased condition the second year. 
A root disease in southern Ohio, Indiana, Illinois, near-by Kentucky, and West Virginia 
is a complicating factor in the elm-disease work. 
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delation of mechanical injury to foot rot of cereals. J. E. Machacbk and E. J. 

G-Reaney. 

Preliminary greenliouse trials Lave shown that when injured seed of several varieties 
of wheat and of hulless oats and barley is planted in soil infested with Fusarium cul- 
morum var. letius, the damage from foot rot and preemergence blight to the resulting 
seedlings is greater than when uninjured seed of the same varieties is sown. The germi- 
nation of wheat seed injured by clipping off a portion of the brush end or by scarifying 
the surface wuth sandpaper is only slightly reduced, but the amount of disease is mark- 
edly increased. 

These results w’ere confirmed by carefully planned field experiments in which scari- 
fied and uninjured seed of Marquis and Mindum wheat was planted in infested soil. 
The '^analysis of variance^’ method was used in analyzing the field data. In 1932 a 
significant increase in disease rating and a significant decrease in yield were obtained 
through seed injury. When the disease ratings and yields of individual plots in the field 
experiments were correlated, a highly significant negative correlation coefficient was 
obtained. 

Effect of pressure and amounts of copper applied in spraying potatoes. E. 0. Mader. 

A 4-year series of potato-spraying experiments to determine the influence on yield of 
pressures and amounts of copper applied has given consistently the following results. 
All sprayed plots outyielded the unsprayed. Using nozzles with a small orifice, size 1.18 
mm., the amount applied and the yield per acre increased with each increase in pressure 
up to 600 lbs. Greater increases in yield were obtained by increasing the pressure from 
200 to 400 lbs. than by increasing it from 400 to 600, illustrating the law of diminishing 
returns. With larger nozzle orifices, giving larger amounts of spray per acre, no increase 
in yield was secured beyond 400 lbs. Here, also, the law of diminishing returns appears 
to operate. The increase in yield, with large nozzle orifices over small, was greatest 
at 200 lbs. pressure, less at 400 lbs., while at 600 lbs. pressure there was a slight de- 
crease in yield. These increases in yield are due to the better distribution of the spray 
at higher pressures and to the application of larger amounts of copper. 

Evidence of stimulation of potatoes hy Bordeaux mixture. E. 0. Mader. 

Hour years of experimental work affords direct evidence of copper stimulation in 
sprayed and dusted potatoes. With moderate infestations of leaf pests and absence of 
blight, the greater the amount of copper applied during the season and the better the 
distribution (higher pressure) the greater the number of leaflets per plant, the higher 
the total green weight of tops, and the longer the plants remain green. Despite this 
increase in top growTh, the largest yields and most uniform tubers were obtained with 
applications totaling 70-80 lbs. of copper sulphate per acre for the season. Stimulating 
top growth by applying the greater part of the copper during the fore part of the 
season gave a significant increase in yield of about 30 per acre over plots in which the 
greater part of the copper was applied during the latter part of the season. Analyses 
for copper show that the amounts stored in tubers from sprayed or dusted plots increased 
with the amounts of copper sulphate applied during the season. More copper is found 
in tubers from plots receiving increasing concentrations than in those receiving de- 
creasing concentrations. 

Disease of cultivated sweet violet caused hy Bphaceloma. L. M. Massey, R. P. White, 
and A. B. Jenkins. 

The disease affecting outdoor and greenhouse violets, in one case identified possibly 
as edema, were severe in New York in 1929, and in Pennsylvania in 1932. It was 
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found in Georgia in 1925-1927. Lesions may be numerous, almost covering the plant. 
Stems, peduncles, and petioles are sometimes noticeably swollen and leaves distorted. 
Lesions are generally whitish, to vinaceous buff; on stems, peduncles, and petioles they 
are linear to elongate, 5± mm. in length, raised or depressed; on leaves generally cir- 
cular or nearly so, commonly visible at first on lower surfaces as minute water-logged 
areas, enlarging to at least 3 mm. across, often raised on one leaf surface and depressed 
on the other. 

The Sphaceloma causing the disease is apparently undeseribed, at least in this 
genus. Conidiophores are typically hyaline, soon becoming colored, 0 to 1-septate, 
9-12 jx X 2-4 |i, pointed or obtuse ; the conidia are spherical to oblong-elliptical, of vari- 
ous sizes, often 2—3 x 3-7 p ; hyaline or colored. Three-week-old cultures on slants of 
potato-dextrose agar were raised, wrinkled, about 1 cm. across, and so brown as to 
appear nearly black, bordered by dark olive buff; corresponding cultures on cornmeal 
were nearly smooth, appressed, and ochre red. A more complete description, with a name, 
will be published later. 

Form of toxicity surface for copper sulphate and for sulphur in relation to conidia of 

Sclerotinia americana. S. E. A. McCaldan and Prank Wilcoxon. 

The effect of a toxic agent on the germination of fungus spores is best shown quanti- 
tatively by means of the toxicity surface, a solid model showing the relation between 
germination percentage, concentration of toxic agent, and time. Two such models are 
exhibited for copper sulphate and for sulphur dust. It is pointed out that such models 
enable the investigator to compare the relative accuracy of the different methods of 
performing toxicity experiments, since the accuracy of a determination at any point is 
related to the germination percentage obtained and to the slope of the toxicity surface 
at that point. The form of these surfaces might also lead to certain deductions regard- 
ing the mechanism of toxic action. 

Spores in the upper air. F. C. Meier, J. A. Stevenson, and Vera K. Charles. 

In the course of efforts to obtain additional information concerning fungus spore 
content of upper air currents, movement of such spores and their precipitation and via- 
bility after exposure at high altitudes, agar-plate collections made in 1932 on 5 flights 
over the eastern United States netted cultures of some 50 organisms. Flights by the 
senior writer on routine trips of the U. S. S. Los Angeles and by airplanes were made 
possible by cooperation with the Navy, Army, and Coast Guard. Collections made at 
altitudes of 500 to 18,000 ft. indicate the strong possibility of certaia types of spores 
of fungi that cause plant diseases travelling long distances in viable condition before 
falling to start new local infections. 

Spore content at different altitudes varied with atmospheric conditions during and 
preceding the flight with usually a decided thinning out above 8,000 ft. Viable spores 
of Pestalozzia were collected March 22, 18,000 ft. above Washington in a strong west 
wind. Fungi of the following genera have been identified, Acremoniella, Alternaria 
(Macrosporium), Aspergillus, Chaetomium, Cladosporium, Ooniothyrium, Bematium, Epi- 
coccum, Fumago, Fusarium, Helminthosporium, Fenicillium, Pestalozzia, Sclerotinia, 
Stachybotrys, Stemphyllium, and Trichoderma. 

A Fythium disease of turf. John Monteith, Jr. 

Pythium was isolated in 1926 from diseased creeping-bent turf at the Arlington turf 
garden, Bosslyn, Va. The species was identified by Dreehsler as Fythium hutlerL In- 
oculation in the greenhouse proved the fungus to be a vigorous parasite on various 
grasses, included species of Agrostis and Poa. Affected patches, usually I in. to 4 in. in 
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diameter, first appear blackened and water-soaked but soon shrivel and turn brown. These 
patches commonly occur in groups, frequently in streaks, apparently due to distribution 
of spores by water washing over the surface or on mowers or the shoes of persons walk- 
ing on the turf. Patches often coalesce and destroy large areas of turf. The disease 
has been identified on golf courses and lawns in the vicinity of "Washington, D. C., 
Philadelphia, St, Louis, and Chicago. It has been reported in many other sections. The 
disease is most destructive in periods of high teinx^erature accompanied by abundant 
moisture. It caused extreme damage to turf during 1931. Inoculations showed the 
fungus capable of attacking plants over a wide temperature range, with an optimum of 
35° C. Since abundant moisture is required for development of this disease it may be 
cheeked by judicious watering of turf. No satisfactory fungicidal treatment has been 
developed, although spraying with solutions of corrosive sublimate has shown some 
promise. 


A'lv undescrihed sclerofium fungus prevalent in 7iortheast Texas, D. C. Neal and R. B. 

Westee. 

A fungus resembling Fliymatotrichum omnivorum was discovered at Greenville, Texas, 
ill September, 1932, growing on decayed cotton stalks and roots a few inches below the 
surface of the soil, following a period of wet weather. Sclerotia formed in abundance 
as elongate swellings along the mycelial strands similar to the cotton-root-rot fungus. 
They were white to pale yellow,, depending on age, and varied considerably in size and 
shape. They averaged about 1x5 mm., were round to ovoid, ellipsoid, variously con- 
stricted, and often forked at the strand connections. The sclerotia were smooth and 
formed of anastomosed hyaline hyphae. 

Peatures that distinguish the fungus from PhymatotrichuTn omnivorum are the finer 
texture of the strands and sclerotium formation on agar. The mycelium is septate and 
branching is either opposite or alternate just below the septa. A characteristic behavior 
of certain new cells arising from the side of a parent hypha is to grow in opposite direc- 
tions. In some cases the lower portion of the cell grows downward for only a short dis- 
tance, while the upper part continues growth and forms new cells either parallel, or at an 
angle of 45°, to the original hyphae. Pending further studies, the name Ozonium tex- 
anum, sp. nov., is proposed. 


Morphology and life history of the cotton-root -rot fungus in Texas, D. C. Neal, R. E. 

"Wester, and K. C. Gtjnn'. 

Comparisons of the structure of the strand hyphae and sclerotia of Phymatotrichum 
omnivorum have shown that some strands are, in reality, elongated sclerotia comparable 
to the rhizomorphs of certain basidiomycetes and function not only to spread the fungus 
vegetatively but also to maintain it in a viable condition during periods of inactivity — 
a point that was recognized by one investigator as early as 1916. Strands obtained from 
old cotton roots in fallow plots from areas planted in nonsuseeptible crops and from soil 
cultures several months old were viable in germination tests. The importance of the 
strand hyphae in the overwintering of the disease in the soil was further demonstrated 
by pure-culture isolations from some of these strands and by infection experiments. 

Sclerotia occurred more abundantly in primary centers of infection following pro- 
longed grain rotation or fallow periods than in plots planted continuously to cotton. The 
gross morphology and cellular structure of some of these sclerotia indicate that they had 
formed in the soil at the time of the last cotton planting and had remained in a viable 
condition during the intervening period of grain rotation or fallow treatment. 
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Breeding Fusarkm-yelloivs-resistmit celery. Eay Nelson and L. C. Cochean. 

For the past 5 years yellows sp.) has become increasingly serious in the 

commercial varieties of easy-blanching celery, and, in 1931, under especially favorable 
conditions, the disease caused a loss of $250,000 to Michigan growers. The tall strain of 
Golden Self Blanching, the leading market variety, is extremely susceptible to yellows. 
The so-called short-strain varieties, like Golden Plume, are moderately resistant, but under 
favorable conditions for the disease they produce unsatisfactory crops. 

A number of selections were made from fields of the tall strain in 1930, but only one 
plant was carried through the 'winter to seed production. The Fi and Fs progenies of this 
plant have shown high resistance when tested in greenhouse and field under the most 
favorable conditions for yellows. The plants of this variety (''Michigan Golden'^) are 
intermediate in type between the tall and short strains, and field tests have indicated 
that they possess satisfactory commercial qualities. Seed in suificient quantity for field 
testing in 1933 is now available. 

Other selections, made in 1931, from both the tall and short strains are being tested 
and reselected. Some of these selections have shown considerable resistance to yellows, 
but further improvement is necessary before they can be considered satisfactory for com- 
mercial use. 

Influence of pollen and ovule infection in seed transmission of lean mosaic. Eay Nelson 

and E. B. Dow^'N. 

It is known that bean mosaic is transmitted irregularly through the seed and that 
not more than one-half of the seeds are infected in pods harvested from plants arising 
from diseased seed. To test the possibility of pollen infection and to determine the 
relative effects of pollen and ovule infection in seed transmission of the disease, crosses 
^vere made between Eefugee and Early Prolific, varieties very susceptible to mosaic. 

The incidence of mosaic in hybrids between mosaic Eefugee and healthy Early 
Prolific was approximately the same as in hybrids between healthy Eefugee and mosaic 
Early Prolific. The mosaic parent in all crosses was produced from infected seed. The 
results indicate that about i of the ovules and pollen grains are infected with virus. 

In crosses between Eefugee and Eobust, a highly resistant variety, about i of the 
hybrid seedlings were severely affected with mosaic. 

Studies on the resistance of wheat and oats to stem rust. Margaret Newton and A. M. 

Brown. 

A preliminary study of the nature of resistance in wheat and oat plants to stem rust, 
Buecinia grammis^ lias shown that, at least in some varieties, meristematie and newly 
differentiated tissue produces an entirely different infection type from older tissues. In 
the adult stage, Hope and H-44-24 are highly resistant and Pentad and Acme moderately 
resistant to all physiologic forms of wheat stem rust, P. graminis trUici; yet, when, by 
injection through the sheath, the spores are brought into contact with newly formed tis- 
sue, pustules of a susceptible type are produced. Oat plants, when inoculated in the 
same manner wdth forms 21 and 36 of -wheat stem rust, develop infection areas with 
pustules of types 2, 3, and even 4. 

Stripe rust m Canada. Margaret Newton, T. Johnson, and A. M. Brown. 

Buccinia glumarum tritici has been collected in danada as far east as 102'^ W. longi- 
tude, or a little beyond the eastern limit reported for this rust in the United States. 
Two physiologic forms have been found in Canada; at Duncan, British Columbia, a 
virulent one, which attacks most of the common and durum varieties, and at Olds, Alberta, 



a mucli less virulent one, Botli of tliese forms have been isolated from material sent 
in from the United States. The less virulent form does not appear to be present in 
Europe, but the more virulent form is similar to one of the well-known forms in Germany 
(Giessen). 

Freshly formed urediniospores retained their viability and were capable of pro- 
ducing good infection after storage for well over 3 months at 5° C. and a relative 
humidity of 50 per cent. Some spores germinated at the end of 128 days, the best 
germination occurring at 10° to 12° C. 

The reactions of wheat varieties to strip rust were profoundly influenced by tempera- 
ture. At 78° C. all the hosts tested with the different physiologic forms were completely 
resistant, while at 54° 0. many were completely susceptible. A number of wheat varieties 
susceptible in the seedling stage have been found to develop considerable resistance in 
later stages of growth. 

Fuccmia glumarum hordei has not been isolated so far in Canada. All isolations 
from barley varieties have proved to be one or other of the above-mentioned tritid forms. 


Factors influencing type and sequence of tomato-mosaic leaf abnormalities. J. B. S. 

ISTortoit and J. W. Heuberger. 

Types of leaf abnormalities noted in tomato mosaic were filiform-leaf, cut-leaf, 
fern-leaf, and mottling. Ordinarily tobacco-mosaic virus, as well as the tobacco-mosaic- 
virus complex (2 or more tobacco viruses) present in Maryland fields, induced the more 
extreme leaf abnormalities in young tomato plants during periods of low-light intensity 
and short-day length. Parallel series with cucumber-mosaic virus produced only mottling 
under the same conditions. Filiform-leaf usually appeared first, followed by cut-leaf 
and fern-leaf, then mottling only. Under longer-day conditions mottling may be the only 
effect after the primary bunching of the young leaves is seen. The production of leaf 
abnormalities appears to be correlated to a greater degree with low-light intensity than 
with short-day length. 

Germinating seeds and seedlings could not be infected prior to the appearance of 
green color. 


Beaction of tissues from individual plants to soft-rot ‘bacteria. C. E. Orton. 

A pathogenic strain of the Bacillus earotovorus type failed to rot certain sterile car- 
rot blocks cut from stored roots. Differences in susceptibility of individual plants were 
suspected and it was found in duplicated tests on individual cabbage heads that 2 out 
of 10 or 20 per cent of stored cabbages were very highly resistant to rot when inoculated 
with B. p’hytophthorus or B. aroideae, both strains reacting in approximately the same 
manner. Under comparable conditions of high humidity the midveins of cabbage were 
about 15 per cent more susceptible than the laminae of cabbage leaves taken near the 
midvein. 

Tests of 4 varieties of carrots taken from the soil at maturity and split lengthwise 
show 100 per cent susceptibility to both strains of soft-rot bacteria but, after storage 
for 3 months, showed only 73 per cent susceptibility to Bacillus aroideae and 53 per cent 
susceptibility to B. p'hytopht'horus. Similar results were obtained with inoculations on 
stored turnips in which approximately 70 per cent of the individual roots rotted when 
inoculated with either strain. 

It is apparent that carrot roots that are susceptible to bacterial soft-rot at growth 
maturity may undergo changes in storage that induce resistance in certain roots and that 
laboratory and classroom tests of cultures should be conducted on at least 10 individual 
roots or plants to assure one that the organism is pathogenic. 
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Senim-agglutination studies with soft-rot bacteria. 0. R. Oeton and Alfred E. Stanley. 

Recent work in this country and in England has led some investigators to the con- 
clusion that Bacillus aroideae, B. carotovoms, B. phytophtJiorus, and other bacteria caus- 
ing soft rots in vegetables can be distinguished serologically and^ on this basis, are to 
be regarded as separate species. 

Studies with 50 isolants of bacteria of this group show that these organisms are not 
to be specifically distinguished by agglutination tests. For instance, 2 cultures of Bac- 
terium dissolvens isolated from stalk rot from 2 varieties of sweet corn are identical in 
routine physiological tests but show no sign of cross agglutination. However, when using 
an antiserum from one of these cultures, cross agglutination is obtained with Bacillus 
coti communis and a B. aroideae from Japan isolated from Pai Ts’ai. 

Likewise 2 cultures of Bacterium tabacum from Pennsylvania were agglutinated by 
Bacillus aroideae antiserum to as great an extent in the case of 1 culture and to a greater 
extent with the other culture than was a culture of B. aroidea^e from Japan. 

It is evident that these numerous soft-rot bacteria, as well as such leaf -spotting forms 
as Bacterium tabacum, are not to be considered as distinct species but rather as variants 
of the Bacillus coli group. 

A bacterial blight of the broad bean in Louisiana, L. H. Person. 

In the spring of 1932, fields of the broad bean in Louisiana were severely attacked 
by a blight. The leaves were covered with circular, dark brown to black spots, varying 
in diameter from 2 to 5 mm. Usually, the spots would coalesce and the whole leaf would 
become black and curled and finally die. A bacterium isolated from these spots pro- 
duced, when inoculated into the stems of healthy plants, a typical streak disease. Streaks 
extended for to 1 in. beyond the inoculation punctures. In a number of cases the 
stems were entirely dead in the vicinity of the puncture after 3 to 5 days. Inoculations 
made by painting the leaves with a water suspension of the bacteria produced typical 
dark, circular areas, similar to those observed in the field. The disease has been ob- 
served in Louisiana for many years, but this is apparently the first report of its occur- 
rence in the United States. Whether it is the same bacterial disease that occurs in 
Europe has not yet been determined. 

Dissemination of fire-blight bacteria by honeybees, A. L. Pierstorff and Howard 

Lamb. 

In an effort to gain additional information on the dissemination of the fire-blight 
organism. Bacillus amylovorus, by the honeybee, 2 Yellow Transparent trees were en- 
closed with cheesecloth. A hive of bees that previously had been infested with fire- 
blight bacteria was placed beneath one tree, just as the blossoms were opening. The 
fire-blight organisms did not infect the blossoms within this cage as a result of bee visi- 
tations. 

On the lower branches of another tree, similarly caged, 19 blossom clusters were 
inoculated by atomizing with infested bouillon when the center blossom opened. Ap- 
proximately two thirds of the blossom clusters on this tree were blighted by the bacteria 
being disseminated from the inoculated blossoms by a noninfested hive of bees. Rain- 
fall did not occur during this interim, so that insect dissemination is the only logical 
conclusion. 

After remaining beneath these caged trees for 5 days, both hives were transported 
to another location and 1 placed beneath each of 2 similarly caged Grimes Golden trees. 
The blossoms did not become blighted as a result of bee visitations. 

The first part of the experiment was repeated in a location farther north that had 
a later blooming date. Comparable results were obtained. 
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Comhating spinach damping-ojf hy seed treatment, P. P. Pieone. 

Great losses to spinach from damping-off, caused chiefly by a Pythiiim, occur on 
Long Island. Following HorsfalPs method of combating tomato damping-off by dip- 
ping the seed in copper sulphate solution, marked success was obtained with spinach. 
Treatment consists in soaking the seed for 1 hour in a solution made by dissolving 1 
to 2 oz. of CUSO4 in 1 gal. of water. Considerable leeway was found permissible in the 
matter of concentration and of time of immersion. Increases in stand of from 20 to 75 
per cent were common on the sandy-loam soils of Long Island. The average increase in 
yield on 8 farms was 201 crates per acre, or 65 per cent. 

An inexpensive dry treatment was found just as effective as the soak. It consists 
in shaking the seeds for 5 minutes with cuprous oxide (CiuO) at the rate of from 3 to 
6 oz. of the dust to 10 lb. of seed. 

During the past 2 seasons over 10,000 lb. of spinach seed have been treated in Nas- 
sau County, Seedsmen, canners, and growers are now successfully treating spinach seed 
in advance of the planting season. 


Prevalence and relations of 4 soil-l)orne parasites on the peach trees in the Sand Hills 

of the Carolinas, R. F. Poole. 

Armillaria mellea, Bacterium tumefaciens, and Heterodera radicicola, recognized 
parasites of the bole and root system of x^each, along with Polyporus curtisU, the cause 
of ^ ^punky^^ or heart rot, are widely distributed in the Sand Hill soils. All 4 organ- 
isms are rarely observed in the same orchard, but 1 or more of the organisms occur in 
90 per cent of the orchards. 

Every season these organisms kill from 3 to 5 x>er cent of the trees, seriously affect- 
ing the economic production of the x^each crop in the sand hills. 

These organisms are, in most instances, indirectly responsible for the death of trees, 
amounting to 10 to 100 per cent in many orchards following exposures to such low tem- 
peratures as 10 and 15° F. in March and early April. Studies of the root systems of 
dead trees revealed diseased conditions that had x^i‘evailed some time previous to the 
low-temperature injury. 


A complex virosis of tohacco, H. M. Quanjer. 

It is well known that a ^/streak’’ of tomato can be caused by the combined action 
of a ^Hrue^^ tobacco-mosaic virus and a ^Hiealthy’^ potato virus. A streak, however, 
can also be produced in tobacco in the same way. The Amersfoorter variety of tobacco, 
the same as used by Adolf Mayer (1885) and Beyerinck (1896), -was inoculated with 
the classic tobacco-mosaic virus of these authors and at the same time with the 
^ ^ acronecrose virus (Phytopath. 21: 577-613. 1931) of apparently healthy Magde- 
burger Blaue potato. Symptoms of tobacco mosaic appeared in the tox)s of the plants, 
and in the bigger leaves the faint, nebulous, later disappearing ring spots, characteris- 
tic of the aeronecrose virus, appeared. In addition, there occurred a heavy streak on 
the midveins of the bigger leaves and on the lower half of the stems. 

The thermal death point of the classic tobacco virus is 88° C., and the time it may 
survive in plant extracts at 18° C. is several months; the thermal death point of the 
aeronecrose virus is 66° C., and its longevity in plant extracts at the same temperature 
is 10 days. 


Fungicidal efficiency of a solution of mercuric chloride arid potassium iodide. W. P. 
Raleigh. 

Laboratory tests and preliminary field experiments indicate that the addition of 
potassium iodide to a solution of mercuric chloride greatly increases the fungicidal efli- 
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cieiicy of the solution when used to control Bhizoctonia on potatoes. A 1: 1,200 solution 
of mercuric chloride, to which 0.25 per cent potassium iodide was added, when used as 
a dip treatment, proved to be almost as efficient in control of Bhizoctonia as a 1: 1,000 
solution of mercuric chloride used as a li-hour soak. It was more efficient than a 1: 500 
solution of mercuric chloride used as a 3-minute soak or a 1: 500 solution of mercuric 
chloride, with 1 per cent commercial hydrochloric acid, used as a dip. A 2 per cent solu- 
tion of potassium iodide, as a dip, did not give satisfactory control of Bhizoctonia in 
laboratory tests. 

The rate of loss of strength of this solution with continuous use has not been deter- 
znined. Injurious effects have not been noted in preliminary field tests. 

A homemade colloidal copper spray. W. P. Baleigh. 

An attempt has been made to perfect a method of home manufacture of a colloidal 
copper spray. In preliminary tests several procedures were followed and many colloidal 
materials were used in an effort to get a concentrated mixture in which the copper was 
in a finely divided state. One of the most promising concentrates was made in the fol- 
lowing manner: One pound of copper sulphate was dissolved in 2 qt. of water and 1 
pt. of black-strap molasses was added. This mixture was stirred well and made slightly 
alkaline by adding about 4y'10 of a pound of lye dissolved in 1 qt. of water. This con- 
centrate was allowed to stand until it turned yellow, which usually required about a day 
at room temperature. In preliminary field tests this mixture, used at the rate of the 
equivalent of 4 lb. of copper sulphate to 50 gal. of water, gave satisfactory control of 
late blight of potatoes. It is especially adapted to conditions where excessive coverage 
of the foliage is not desired. Mosaic may be readily read in potato fields sprayed with 
this material, wdiereas it is often difficult to read it in fields sprayed with Bordeaux mix- 
ture, The spraying procedure is very simple after a quantity of the concentrate is made 
up. 

Seasonal development of hairy root, crown gall, and wound overgrowth on apple trees in 

the nursery. A. J. Biker and E. M. Hildebrand. 

The seasonal development of hairy root, crown gall, and wound overgrowth on nur- 
sery apple trees has been studied for 3 years, in a region wdiere hairy root was of con- 
siderable economic importance. Although weather conditions during the 3 growing 
seasons were quite different, the development of disease was similar. Eecords were kept 
of such factors as environmental conditions, host development, incubation periods fol- 
lowing special treatments, successive stages in the development of artificially induced 
enlargements, natural occurrence of overgrowths, and insect relations. Incubation 
periods for the various enlargements were shorter in the summer than in the spring and 
fall. A relatively small portion of the natural occurrence of hairy root was traced to 
infection at the time of grafting. However, a large part of the natural occurrence of 
hairy root seemed to follow natural infection during the latter part of the first growing 
season and during later growing seasons. Much of the natural infection appeared cor- 
related with such factors as warm w’-eather, active growth of the nursery trees, short in- 
cubation periods, decreased protection of the unions by -wrappers, and insect activity. 

Fusarium strains in relation to wilt of China aster. Begina S. Biker and L. B. Jones. 

Various strains of Eusaria from wilting asters, Callistephus chinensis, received 
either from ■Wollenweber (Europe) or Hemmi or Eukushi (Japan), have been tested for 
pathogenicity in comparison with Beach and Jackson strains of F. conghiUnans y. cal- 
wuth the following results. 
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Pathogenic: from Europe, F. conglutinans v. callistephi^ F. conglutmans y, ma jus 
(2 strains), F. oscysporum f. 6 (4 strains), P. lateritium v. fnictigenum; from Japan, 
nnidentified (3 strains). 

iJ^^onpathogenie : from Europe, F, oxysporuin v. auTantiacuTrij F. Tedolens (2 strains), 
F, msinfectum v. Uiulatum, F, herlanm f. 1 and f. F. Iterlarmn v. avenacetim, F. 
scirpi V. acuminaiUTifif F, eguiseti (2 strains), F. culTfiorum, F, solani y. muHU; from 
Japan, unidentified (2 strains) . 

Certain Pusaria, pathogenic on other hosts, proved nonpathogenic on aster, namely: 
Fn conglutinans, F. conglutinans v. 'betae, F. niveum, F. orthoceras v. pisi, F, trachei- 
pJiiluTn, F, sp. from celery, F, sporotrichioides, F. anguioides, F. aTtJirosporioides. 

The Wisconsin ^^wilt-resistant’’ asters proved resistant to the pathogenic Eusaria 
listed above, both in greenhouse and field trials, as far as tested, namely: F. congludi- 
nans V. callistepU (3 strains), F. congluUnans v. majus (1 strain), F, oxysponim f. 6 
(3 strains), F. lateritium v. fructigenum and 2 Japanese strains. 

Control of hairy root, crown gall, and other malformations at the unions of piece-root 
grafted apple trees, A. J. Biker, G-. W. Keitt, E. M. Hildebrand, and W. M. 
Banfield. 

The control of graft knots at the unions of nursery apple trees, grown from piece- 
root grafts, has been studied during the past 7 years in the Middle West. The results 
from the various control methods tried have shown considerable variations in different 
localities during the same year and in the same locality during different years. Dif- 
ferent kinds of enlargements were found in various sorts and degrees of mixtures. Well- 
matched tongue grafts produced on the average as many trees mth smooth unions as 
did wedge grafts. Of the antiseptics employed mercuric chloride, applied before graft- 
ing in a 1-1,000 solution to roots that carried pathogenic bacteria, appeared to have 
the greatest promise. Adhesive-tape wrappers for piece-root apple grafts appeared to 
be better than any other single control measure employed. Comparisons of the per- 
centages of smooth trees from grafts wrapped with other commercial wrappers and those 
from tape wrappers, respectively, show the following average results: on trees 1 year 
old, 57 to 92; on trees 2 years old, 75 to 91; on trees 3 years old, 73 to 85; and on trees 
4 years old, 21 to 53. 

The genetics of Sphaeelotheca sorghi and 8. cruenta. H. A. Bodenhiser, 

Studies have been made of the segregates from hybrid chlaniydospores formed as 
a result of a cross between a monosporidial line of form 1, Sphaeelotheca sorghi, and 
one of a collection of 8, cruenta. One hundred and two gametic Fi lines segregated, as 
regards color of colony, into 4 general groups. Color apparently was governed by mul- 
tiple factors that segregated independently of those governing sex, species, and rate and 
type of growth. In interspecific crosses, the factor or factors determining the cruenta 
type of sorus are dominant. Ninety-nine Ei monosporidial lines isolated from 39 hybrid 
chlamydospores were paired in back crosses with one of two monosporidial lines of oppo- 
site sex of the recessive parent, 8. sorghi, and used to inoculate Beed kafir sorghum. 
Segregation was observed among the back-crossed progenies for factors governing species 
characters as well as the color of the peridia surrounding the sori, the degree to which 
the plants were stunted, and the amount of vegetative tissue destroyed in the panicle. 

Pathogenicity of certain hybrids of covered and loose smuts of sorghum, H. A. Boden- 
hiser and B. P. Barnes, 

Intraspecific crosses were made by pairing monosporidial lines of physiologic forms 
1 and 2 aud of 1 and 3 of Sphaeelotheca sorghi. Likewise, interspecific hybrids were 
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made by pairing a monosporidial line of form 2 and one of form 3, respectively, with 
a monosporidial line of S. cnienta. On Reed kafir (C. I. 628), wbicb is susceptible to 
all known forms of S. sorgM and to S. cruenta, the intraspecifie crosses were more viru- 
lent tlian were inbred lines of either parental form. Interspecific hybrids were less viru- 
lent on this variety than were the inbred parental lines. In general, on the varieties of 
sorghum susceptible to one inbred pai*ent and resistant to the other, both iiitra- and 
interspecific F, chlamydospores proved to be intermediate in their virulence. On kafir x 
feterita (H. C. 2423), the interspecific hybrid, form 3 of S. sorghi crossed with S. cru- 
enta, was only slightly less virulent than either parent. Spur feterita (C. I. 623) was 
immune in all pathogenicity tests. 

(Cooperative investigations between the Division of Cereal Crops and Diseases and 
Division of Dry Land Agriculture, Bureau of Plant Industry, U. S. Department of Agri- 
culture) . 

Comparative studies of field collections of Ustilago liordei and U. nuda. Mabel L. 

Ruttle-Nebel. 

A summary of head and spore types obtained from the examination of 150 heads 
of Ustilago hordei and U. nuda collected near Geneva, N. Y. 



Head 

Spore mass 

Individual spores 


No. 

1 

Type 

Compact- 

ness 

Color 

Wall 

Germination 

Remarks 

1 

Covered 

Compact 

Yery dark 
chocolate 
brown 

Smooth 

Promycelia 
and sporidia 

Typical V. 
liordei 

2 

Covered 

Less com- 
pact 

(( 

Echinulate 

Promycelia 
and sporidia 

Sp. 1 

3 

Loose 

Powdery 
to com- 
pact 

Dark 

chocolate 

brown 

Smooth 

Promycelia 
and sporidia 

Sp. ? 

4 

Loose 

Powdery 
to com- 
pact 

Less dark 
chocolate 
brown 

Faintly to 
distinctly 
echinulate 

Promycelia 
and sporidia 

U. nigra 

1 Tapke? Blos- 
1 som inocula- 
tion gave no 
infection 

5 

Loose 

Powdery 

cc 

Echinulate 

Much-branched 
germ tubes 

Sp.? Seed had 
been dusted 
mth Ceresan 

6 

Loose 

Powdery 

Olivaceous 

brown 

Echinulate 

Much-branched 
germ tubes 

U. nuda ? 

7 

Loose 

Powdery 

1 

a 

Echinulate 

Germ tubes not 
so branched 
as in 5 and 6 

Typical U. 
nuda. Blos- 
som inocula- 
tion produced 
100 per cent 
infected seed 


Notes on Bordeaux mixture. George E. Sanders. 

The addition of an excess of lime to Bordeaux mixture increases its value in the 
control of early blight of potatoes. In a modification of the Kedzie formula, it was 
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found that mixing the arsenite of soda solution with the coi^per sulphate solution and 
eomhining the majority of the arsenic with the copper before the addition of lime re- 
sult in a much safer arsenical than can be obtained by adding arsenite of soda to the 
completed Bordeaux mixture. 

Because of the lack of agitation in traction sprayers when the hydrated lime is 
added to the copper sulphate solution, a type of Bordeaux mixture results that is in- 
ferior to that resulting from the old method of pouring diluted solutions together. Fer- 
tilizing elements made up of synthetic urea and monopotassium phosx3hate added to 
standard Bordeaux mixture show that 1 lb. of urea and 3 lb. of monojpotassium j)hos- 
phate may be used with safety in 50 gal. of Bordeaux mixture. The results indicate 
that considerable economy in the use of fertilizers may result from this procedure. 

A new necrotic virus disease of potatoes. E. S. Schultz and W. P. Ealeigh. 

A few necrotic potato i^lants of the %^ariety British Queen were found in a field near 
Eureka, California, in 1929. This necrosis, called British Queen streak, is manifested 
by' fine necrotic streaking of leaf veins and petioles and by slight streaking on stems. 
It differs from top necrosis or seedling streak, inasmuch as it involves at first the older 
leaves and causes smaller necrotic lesions than either top-necrosis or sti|)ple streak. 
Moreover, no tuber necrosis has been observed. 

Leaf -rubbing inoculations to Turkish tobacco within 10 days produced local, not 
invariably systemic, and at first light green circular areas followed by white and finally 
by brown spots. Similar inoculations to Globe tomato and Datura stramonium resulted 
in local and systemic infection, manifested at first by light green and finally by necrotic, 
circular spots. Necrosis appeared sooner at 60° to 65° F. than at 70° to 75° F. Al- 
though the symptoms of British Queen streak on tobacco and tomato resemble those 
figured for spotted wilt of tomato in Australia, observations indicate that these diseases 
may not be identical. 


Resistance of potato to latent mosaic. E. S. Schultz and W. P. Ealeigh. 

Leaf-rubbing and tuber-graft inoculations with latent mosaic, which is generally 
present in masked condition in Green Mountains and other important potato varieties, 
have failed to infect certain potato seedlings, while similar inoculations on other seed- 
lings have infected every plant. Under field conditions these potato seedlings have re- 
acted like the artificially inoculated plants, viz., certain seedlings have not contracted 
latent mosaic, while others similarly exposed became infected. Observations on the re- 
action of different potato varieties and seedlings to latent mosaic indicate that some 
manifest this disease as severe necrosis, w^hile others are very resistant to it. 

Investigations involving isolation of different types of mosaic have shown that resis- 
tant potato seedlings can be used in isolating streak and mild, leaf -rolling and other 
mosaic types from latent mosaic. 

Resistance of rosaceous plants to fire l)light. Luther Shaw. 

The relative fire-blight resistance of various rosaceous plants was determined by a 
standardized procedure, which involved artificial inoculations of the shoots with Bacillus 
amylovorus and measurements of the fire-blight lesions. Differences in resistance, rang- 
ing from slight necrosis around the points of inoculation to death of entire shoots, were 
found among potted plants of 31 rosaceous species, involving the following genera: 
Amelanehier, Aronia, Ootoneaster, Crataegus, Malus, Pyrus, and Sorbus. Among certain 
apple varieties studied under both greenhouse and orchard eonditions. Northwestern 
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Greening consistently exhibited high and Yellow Transparent low resistance. McIntosh 
and Wealthy were intermediate. 

The following environmental conditions were found to increase fire-blight resistance 
in potted apple plants: (1) low soil nutrients, (2) relatively low and relatively high 
soil temperatures, (3) relatively high atmospheric temperatures, and (4) relatively low 
soil moistures. These conditions also resulted in lessened shoot growth. Subjecting 
plants to 95-98 per cent relative humidity, at 24'' C., for varying periods following in- 
oculation greatly low^ered their resistance to fire blight. 

Positive correlations were found between fire-blight resistance in apple shoots and 
(1) a low moisture content in the shoots and (2) rapid corking off of the fire-blight 
lesions. 

Eelation of growth cycle and matrition to perennial apple-canlcer infection, Elmer V. 

Shear and J. S. Cooley. 

Experimental work on perennial apple canker (Gloeosporium perennans) has been 
carried on in the experiment-station orchard at Hood Biver, Oregon. Hand inoculations 
with several strains of the organism have been made at 2- or 3-week intervals throughout 
the year. Infection took place in normal living twigs for a relatively short time only, 
namely, in the fall and early winter. Susceptibility increased very rapidly from nothing 
the last of September to approximately 50 per cent early in October and reached its 
maximum of near 100 per cent in November, where it remained until about mid-Decem- 
ber. Mid-December infections were irregular, and, by mid-January, infection could not 
usually be effected on limbs of 25 or more millimeters in diameter on mature trees. How- 
ever, on small limbs and on young trees immunity was later and more irregular in its de- 
velopment than on larger limbs. Internodes were less susceptible than nodes. 

The influence of nutrition on resistance to canker was determined by inoculating 
trees having received different fertilizer treatments. Besults indicate that trees that had 
received an excess of nitrate and, likewise, the devitalized trees, such as the checks and 
those receiving no nitrate, were more susceptible than those in good vegetative condition. 

EelationsMp of Fusarkim niveum to the formation of tyloses in melon plants, Bailey 

Sleeth. 

One- to 4-months-old melon plants {Citrullus vulgaris) infected wdth Fusarinm 
nirveum show an abundance of tyloses. The abundance of tyloses seems to be correlated 
with the presence, the quantity, and the proximity of the fungus. Of the infected vas- 
cular bundles of the same plant i to all of the vessels may be completely filled with 
tyloses, while few or none occur in the uninfected bundles. Evidence indicates that the 
formation of tyloses either precedes or coincides with the spread of the fungus through 
the xylem. Few or no tyloses were found in fungus-free and apparently normal plants. 
The striking difference in the number of tyloses in infected and noninfected plants 
strongly suggests a pathological relationship between the fungus and the formation of 
tyloses with the subsequent plugging of the vessels. When this mechanical pluggingpf 
the vessels becomes sufficient to interfere with the normal fiow of 'water and nutrients in 
the plant, stunting and wilting occur. 

Association of Cereosporella foot rot with a specific ecological area, Eoderick Sprague. 

In the United States, the Cereosporella foot rot of wheat, C. herpotrichoides, oc- 
curs in certain prairie sections of Oregon, Washington, and Idaho. With some 
exceptions, it is confined to tine or very fine sandy-loam soils, which, in pre-farming 
days, were covered by a grass sod in which Festnea spp. predominated. It is possible 
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to predict the approximate range of this disease by a study of the vegetation in these 
prairie areas. Prominent plants in the disease-harboring sections include F. idahoensis^ 
A.gYO'pyTO% spp.j Poa sundhdTgiij KoBlcTio, cTistdiG,, PcdscifitoThisKi' deMoidsd, OlsyuiwYti 
grandiflorurnj Tellitna spp., FTitillaria pudica, Gaillardia aristaia and various species of 
Lupinus and Cogswellia (Loinatium). (Cooperative investigations between the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, D. S. Department of Agricul- 
ture, and the Oregon and Washington agricultural experiment stations). 

jDistrihiitiOTi of physiologic foTms of Fuccinid gra'nvinis if Hid in vela lion to stem-'iust 
epidemiology in 1932. E. C. Stakman, Lee Hines, Harry G. Hkkelberg, and 
Wallace Butler. 

Duriiin wheats were more severely rusted than bread wheats in the upper hlississippi 
Valley in 1932, although the opposite usually is true. This is accounted for by the dis- 
tribution of physiologic forms of Puccinia grami/nis tritici. Fifteen forms were isolated 
from 465 collections made in northern Mexico and United States. Five forms consti- 
tuted 92 per cent of all collections, as follows: form 38, 46 per cent; 49, 27 per cent; 
36, 9 per cent; 19, 5 per cent; 11, 5 per cent. Forms 38 and 19 infect most hard-red- 
spring wheats only slightly but often infect durums heavily ; the reverse is true of forms 
49 and 36, while form 11 infects both groups heavily. Following are the percentages 
of collections in representative areas from which were isolated forms that infect durums : 
Mexico, 54 per cent; Texas, 67; Minnesota, 61; North Dakota, 56. Of the Mexican and 
Texas collections, 54 and 63 per cent, respectively, are harmless to most hard-red-spring 
wheats in the field. Field observations and results of spore trapping support evidence 
from the physiologic-form survey that rust vras blown northward from Mexico and Texas, 
although certain forms, notably form 36, apparently originated principally on northern 
barberries. (Cooperative investigations between the Divisions of Barberry Eradication 
and Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agricul- 
ture, and the Minnesota Agricultural Experiment Station) . 

So 7 ne experiments with a yellow mosaic of tomato. W, G. Stover and M. T. Vermillion. 

The chlorotic areas in leaves of diseased plants are irregular in shape and much 
lighter in color than in ordinary mosaic. Thus far, successful inoculations have been 
made in tomato, tobacco, pepper, and Solanum nignm. Susceptibility of 8. dulcamara 
is in doubt. Inoculations in China aster, burdock, catnip, cucumber, and curly dock 
gave negative results. The disease is much more injurious to pepper than ordinary 
mosaic. The leaves and blossom buds drop off and many of the plants are killed. The 
virus of yellow mosaic was inactivated at about 83° C.; that of ordinary tomato mosaic 
at about 90° C. in these experiments. Streak is induced when healthy tomato plants 
are double-inoculated from tomato plants with yellow mosaic and from potato plants. 

Evidence regandi/tig the shape of tohacco-mosaic-virus particles. William N. Taka- 

HASHi and T. E. Bawlins. 

If a liquid containing small rod-shape particles flows from a small tube the entire 
stream should exhibit form double refraction ; if the liquid is sucked from a beaker into 
the tube the flowing doubly refractive liquid in the beaker should exliibit a dark cross. 
A liquid containing small discs or leaf -shape particles should show form double refrac- 
tion only near the margins of the stream and no double refraction or dark cross when 
sucked from a beaker into a tube. 

Sols, the particle shape of which had been determined by Freundlich and associates 
by the application of the Tyndall phenomenon, were expelled from and drawn into a 
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small tube as described above; all sols tested exhibited the expected double refraction 
phenomena, thus confirming the above hypotheses. Tobacco-mosaic virus exhibited the 
double refraction characteristic of sols containing rod-shape particles; juice from 
healthy plants exhibited no double refraction. 

Preliminary studies have indicated that the particles in the infective tobacco juice 
that cause the double refraction have size and precipitation properties characteristic of 
the virus. The available evidence, therefore, indicates that tobacco-mosaic virus is com- 
posed of rod-shape particles. 

€om,parative studies of two loose smuts of 'barley. V. P, Tapke. 

Stilbum oinnabarinum, the cause of a new fig disease in Louisiana. E. C. Tims, 

In May, 1932, diseased fig branches were received from Ascension Parish, Louisiana. 
These twigs were covered with small reddish pink fungous heads borne on short syn- 
nemeta. The heads consisted of masses of small, hyaline, unicellular conidia, from 
which pure cultures were easily obtained. Inoculations made in young fig branches 
through small wounds developed the typical fungous heads 20 days later. The fungus 
spread rapidly through the woody tissues of the twig and into the pithy center. A num- 
ber of the inoculated twigs had been killed back to the 2-year-old wood after 30 days. 
The fungus was reisolated, and numerous inoculations established its parasitism. The 
fungus causing this twig blight of fig has been identified as Stilbum cinnabarimim. Ob- 
servations made during the summer of 1932 show that the disease is wide-spread over 
southwestern Louisiana, on the Celeste fig, but apparently causes only minor damage 
under most conditions. 

Leptosphaeria salmnii, the ascigerous stage of Sclerotkm orysae. E. C. Tellis. 

In the summer of 1931 an ascomycete belonging to the genus Leptosphaeria 
was found on rice plants in the greenhouse at Fayetteville, Arkansas. The fungus 
proved to be Leptosphaeria salmnii. The same fungus was found on 16 different varie- 
ties of rice at the Rice Branch Experiment Station near Stuttgart, Arkansas. Cultures 
from ascospores in the winter and spring of 1931-32 produced sclerotia typical of Scle- 
rotium oryisae and conidia typical of Helminthosporium sigmoideum. Rice plants were 
inoculated with sclerotia from colonies originating from ascospores. Perithecia, conidia, 
and sclerotia were produced on these plants. Thus, the genetic connection between these 
three stages has been established by cultural and inoculation experiments. (Cooperative 
investigations between the Division of Cereal Crops and Diseases, Bureau of Plant In- 
dustry, U. S. Department of Agriculture, and the Arkansas, Louisiana, and Texas agri- 
cultural experiment stations). 

Further purification of the virus of tobacco mosaic. Carl G. Vinson. 

Progressively increasing the amount of a safranin solution added to a given amount 
of juice from diseased plants results in a progressive decrease in concentration of virus 
remaining in the supernatant liquid. 

The virus may be reprecipitated with safranin without appreciable loss of virus 
being demonstrable. 

When two volumes of acetone are added in the cold to one volume of the virus frac- 
tion obtained on decomposing the safranin precipitate, a precipitate forms; but consid- 
erable virus seems to remain in the supernatant liquid. 
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Comparative sttidies of peas resistant and susceptible to Fusariim wilt. J. C. Walkee. 

Resistant and susceptible strains of Alaska were used. Plants were grown for vari- 
ous intervals at about 15° C. in Tottingbam’s solution, to which was added, after plant 
removal, 1 per cent dextrose. The pea-wilt fungus, Fusarium orthoceras var. pisij was 
grown on alic[uot portions of the autoclaved solutions. There was observed very con- 
sistently a heavier growth in the solution in which the susceptible roots had growm. In 
autoclaved extracts from fresh susceptible roots there was a slightly heavier growth 
than in those from resistant roots. In extracts from air-dried roots a similar slight 
difference was obtained. In extracts from roots dried at 85° C. there was a markedly 
heavier growth in those from susceptible roots. 

Felation of soil fertility to incidence of Aphanomyces root rot of pea. J. C. Walkee. 

Oolby silt loam is one of the most favorable Wisconsin soils for the development 
of this disease. Eight canning varieties were tested in the greenhouse on this type of 
soil from a heavily infested held. All were severely damaged by root rot. When a 
500-lb. application of 4-16-4 fertilizer was added to a portion of this soil there was a 
marked reduction in the severity of the disease. In the Alaska variety 63 to 100 per 
cent of the plants were severely infected in the nonfertilized soil, while 3 to 20 per cent 
were so aff'ected in the fertilized soil. Surprise, Bruce, Admiral, Ashford, Perfection, 
Prince of Wales, and Wisconsin Early Sweet reacted in a similar manner. 

Nectria canTcer of basswood. B. S. Welch. 

Cankers have been found seriously affecting the basswood, Tilia americana,iii native 
stands in central New York. On 2 half -acre plots selected at random there were 258 
trees, 117 of which bore cankers of the type commonly associated with Nectria infec- 
tions on other trees. The lesions are sunken in the center and a number of concentric 
callus rolls marks the age of the infection. A species of Nectria has been repeatedly 
isolated from infected tissue at the margin of the cankers and from conidia and peri- 
thecia occurring on affected tissue. Basswood trees of various ages have been inocu- 
lated with positive results in 54 out of 64 trials. All 7 cheeks remained healthy. The 
same organism has been reisolated several times from such infections 18 to 24 months 
after the date of inoculation. Stromata bearing conidia and perithecia are produced 
sparingly at the margins of cankers on living trees. On infected trunks that have been 
cut and left in the woods the fungus develops in great abundance. On such trees peri- 
theeia containing viable spores may be found every month throughout the year. Similar 
diseases, apparently hitherto unreported, have been found on Acer rubrum, A. spicatum, 
Fraxinus nigra, Populus grandidentata, Prunus serotina, and Ehus typhina. 



Eelation of cranberry varieties to the spread of false blossom. E. B. Wilcox. 

The severity and rate of spread of false blossom in a cranberry-growing region are 
related somewhat to the proportion of the total acreage devoted to resistant varieties. 
In New Jersey there have been, during the past decade, wide differences between varie- 
ties as to losses suffered. A quick and convenient method has been developed that seems 
to test accurately the resistance of a variety to the spread of false blossom. 

Bacterial canTcer of Prunus spp. in Calif ornia. E. E. Wilson. 

A disease in California that has been regarded as the ^ ‘ bacterial gummosis ’ ’ de- 
scribed in Oregon by Griffin and Barss may be produced by two types of bacteria that 
differ in chromogenesis and possibly in temperature requirements but are similar in 
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most other characters. In the pathogenicity and cultural tests so far attempted one of 
these organisms agrees in most characters with those described for Pseudomonas cerasL 
The other appears to be a strain of Ps. cerasi. In comparative tests, this strain and 
Ps. pr unicola, the latter recently described by Wormald, from England, differed only 
in size. 

The cankers of the disease are quiescent during most of the summer but begin to 
extend at about the time of leaf fall in the autumn. This activity continues throughout 
the winter and early spring but wanes soon after the trees come into leaf. While 
temperature is found to influence the rate of canker extension, it apparently is not the 
only cause of this seasonal variation in activity. Evidence obtained by inoculating 
plums throughout the autumn, winter, and spring suggests that the host itself may in- 
fluence canker extension. 

I)evelo 2 )ment and control of olive Tcnot. E. E. Wilson. 

Olive knot has become serious in the northern part of the Sacramento Valley within 
the last 4 years. It is found on trunks, limbs, smaller branches, leaves, and occasionally 
on fruits. It occurs most abundantly on the smaller branches. 

In certain orchards 95 per cent of the knots develop at leaf or blossom scars. The 
time of leaf fall and the variations in the amount of leaf fall from growth of different 
age and from trees of different vigor have been studied vdth respect to their eft’ect on 
leaf-scar infection. 

Through inoculations it was determined that, although infection may take place in 
December and January, the knots may not appear until March or April. On the other 
hand, inoculations made in March and April developed knots within a few weeks. The 
same situation "was reflected in the development of knots resulting from natural infec- 
tion, inasmiieli as nearly all knots appeared in the spring and early summer. 

Control has been attempted through application of the following materials as 
sprays: lime sulphur, sodium fluosilicate, zinc sulphate lime, commercial Bordeaux with 
an oil emulsion, and homemade Bordeaux. The latter material gave promise when it 
was used in 3 applications. The other materials gave varying degrees of control but 
were, on the whole, unsatisfactory. 

Influence of siyray materials on transpiration. J. D. Wilson and H. A. Runnels. 

Bordeaux mixture checked growth, decreased yield, and increased transpiration and 
blossom-end rot of tomatoes, whereas none of these conditions obtained in an oil spray. 
Experimental data collected to date indicate that the following relations probably exist : 
(1) Transpiration is accelerated by Bordeaux mixture more during the night than the 
day period. (2) Certain other copper sprays do not cause increases in transpiration 
comparable mth Bordeaux mixture. (3) If the quantity of copper in a given volume 
of Bordeaux mixture is held constant, each additional increment of lime increases the 
influence of the mixture on the transpiration rate until the quantity of lime becomes 
about U times as great as that of the copper. (4) Bordeaux mixtures made up with 
high magnesium and with high calcium limes are equally effective in increasing transpira- 
tion. (5) A mixture of hydrated lime and water is not so effective as a Bordeaux 
mixture containing an equivalent amount of lime. (6) Mixtures in which the particles 
remain well in suspension are more effective than those in which settling occurs quickly. 
(7) Certain other sulphates in combination with hydrated lime are as effective as copper 
sulphate. 
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Use of formaldehyde dust with vegetatle seedlings. J. D. Wilson and P. E. Tilford. 

Formaldehyde dust has been found to improve the stand of seedlings in those soils 
in which dam^Ding-otf occurs if no precautions are taken to prevent it. When the 6 
per cent dust is mixed with the soil at the rate of 8 oz. per bn., damping-off is controlled 
and formaldehyde injury to the seeds themselves is rare. If the dust is placed in the 
seed row at the rate of 1 gm. per linear ft., the stand of certain vegetables, especially 
spinach and beets, is improved, whereas such plants as the crucifers are injured by 
the formaldehyde. 

Formaldehyde is least toxic when adsorbed on inert carriers of low weight per unit 
of volume, such as infusorial earth and finely divided charcoal. Injury to seeds is 
greatest in heavy soils and those low in organic matter. Also, injury is greatest at 
medium soil-moisture content. It has been found that in most cases seedlings cannot 
be transplanted into treated soil until at least 72 hours after treatment. Formalde- 
hyde escapes more quickly from dry and warm soils than from cold and wet ones. If 
transplanting is done immediately after treatment, less injury occurs in soils of high 
absorptive capacities, such as muck. 

Nature of rust resistance in l)eaAis. S. A. Wingard. 

Bean varieties differ markedly in their response to rust and may be grou]ped roughly 
into 3 classes on the basis of their reaction to infection. (1) Varieties that are immune, 
showing no evidence of infection ,• (2) those that show severe flecking as a result of 
infection; and (3) those on which numerous fertile sori are produced. The varieties in 
the first group show true resistance ; those in the second and third groups are susceptible. 
The flecking varieties (Group 2) are hypersensitive to rust infection, and, as a result, 
the rust fungus immediately kills the invaded tissues upon entering the leaf and thereby 
sets up a condition detrimental to the further development of the fungus. In the third 
group the rust fungus and host tissues seem more compatible and are thus able to endure 
each other. In this group there is evidence that the rust fungus acts even as a pre- 
servative for the invaded tissues of the host. This is shown by the fact that the region 
immediately surrounding the sorus is the last part of the leaf to lose its chlorophyll 
and die. 

Intracellular todies in ring spot. Mark W. Woods. 

Intracellular bodies, similar to those in tobacco mosaic, have been found in ring 
spot. They were found in primary and systemic lesions in Nicotiana tahacum var. 
Turkish and in primary lesions in N. tahacum var. Havana Seed-Leaf, N. rusticaj 
N. ghitinosa, and Petunia. Best results were obtained after fixation in formol-acetic 
alcohol and staining with Fleming ’s triple stain. The bodies appeared typically granu- 
lar in structure, vacuolate, and with or mthout membrane-like surfaces. In Nicotiana 
they sometimes contained minute red cuboidal inclusions. Similar cuboidal bodies were 
also found in the cytoplasm and nuclei of diseased and healthy cells. They appear to 
be similar to cuboidal structures observed by certain workers in mosaic-diseased and 
healthy tobacco plants. Intracellular bodies were found in cells of the mesophyll, epi- 
dermis, and trichomes. The development of intracellular bodies seemed to be directly 
related to the formation of visibly lesioned areas in the leaf. Bodies were never found 
in normal-appearing regions of diseased or healthy leaves. Intracellular bodies as large 
as the nucleus were observed in lesions 5 days after inoculation, but bodies were more 
commonly found in older lesions. Tests with Turkish tobacco and N. glutinosa appar- 
ently demonstrated that no virus other than that of ring spot was present in plants in 
which intracellular bodies were found. 
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Sclerotinia stem canTcer of hollyhocTc, Paul A. Young. 

A fungus ’with, tlie eRaracters of Scleroiinia liheTiiana was isolated in 1931 from 
stem cankers in liollylxock, Althaea rosea j in Bozeman, Montana. In 1932 it was inocu- 
lated into wounds in hollyhock and White Beauty sunflower, Seliantlms annuuSj stems 
growing in a field plot. It caused many cankers within 13 days and killed the infected 
stems within 60 days. Seventy-one of the 84 hollyhock inoculations and 21 of the 27 
sunflower inoculations caused cankers. Sclerotinia lihertiana was reisolated from the 
hollyhock and sunflower cankers. Only the sunflower cankers spread into the roots 
during the summer. The sunflower cankers were like those described in Montana 
Bulletin 208. The hollyhock cankers from natural and artificial inoculations were white, 

5 to 45 cm. long, and usually encircled the stems. Many cankers had black margins 
and bore 1 to 4 brown, concentric are lines each about 1 by 10 mm. The arcs often 
marked epidermal wrinkles. Black streaks occurred in the epidermis and wood near 
some cankers. Black sclerotia occurred in cavities formed in the stem pith. Sclerotia 
occurred on cankers in hollyhock stems that had been under snow. 

Soil infestation hy chlamydospores of Tilletia levis in Montana. Paul A. Young. 

Seed wheat, surface sterilized with formaldehyde, was planted by scattering from 
envelopes into 3 m. rows at about 10-day intervals on 4 dates in September and 3 dates 
in October, 1931. The rows were in 4 fallowed plots in a region 4 km. square near 
Menard. The rows were within 10 to 50 m. from one of six 50- to 300-aere-wheat fields, 
combine-harvested in August, 1931, in which 12 to 50 per cent of the heads were bunted 
by Tilletia. Wheat planted before October 6 emerged within 15 to 30 days. Soil in- 
festation by Tilletia caused the following average percentages of bunted heads in the 
following varieties of wheat planted in September, 1931 : Turkey, 11.9 ; Oro, 0.8 j Begal, 
0.9,* Elharkof, 2.7,* Sherman, 0.6; Eidit, 0.2; Hybrid 128, 12.5; Albit, 0.2 ; Hussar, 0,2; 
Kanred, 12.1; Montana 36, 20.0; and Jones Pife, 21.9. The Tilletia {T. levis) con- 
cerned probably w^as physiologic form 3 of Oregon Bulletin 281. Smutted Montana 36, 
planted as checks, averaged 65 per cent bunt. Soil infestation by Tilletia decreased 
rapidly in October, becoming 0. 

(Cooperative investigation between the Botany DeiDartment of the Montana Agri- 
cultural Experiment Station and the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture). 

Transmissihility of certain legume-mosaic viruses to "bean. W. J. Zaumeyer. 

Cross-inoculation experiments have shown that the viruses causing mosaic diseases 
of several legumes are capable of being transmitted to beans. The viruses causing 
mosaics of white sweet clover, MeUlotus alba, yellow sweet clover, M. officinalis, white 
clover, Trifolium repens, and alsike clover, T. hyhridum, gave positive results when in- 
oculated to beans. A mosaic virus from red clover, T. pratense, gave negative results. 

The virus of the mosaic of white sweet clover produced symptoms on beans slightly 
different from those of the common bean mosaic. It is possible that some of the sec- 
ondary spread of bean mosaic in the field is the result of aphid transmission from the 
white-sweet-clover-mosaic virus. 

The virus of the mosaics of pea, Pisum sativum, and of sweet pea, Lathyrus 
odoratus, gave positive results when inoculated into beans, either by means of expressed 

juices from diseased plants or by the pea aphis, H2mom 
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Transmission of hean-mosaic virus hy insects. W. J. Zaumeyer. 

Insect-population studies in bean fields in Colorado, Idaho, and Virginia, conducted 
for the past few years by the Bureau of Plant Industry and the Bureau of Entomology 
of the United States Department of Agriculture, have shown many species of insects 
present that, with the exception of aphids, proved incapable of transmitting bean mosaic. 

Various species of aphids whose number depends on the season and the locality are 
always present on beans in the field. The greatest population occurs at the early part 
of the growing season. 

Under controlled greenhouse conditions, the virus has been transmitted by feeding 
virus-free aphids on mosaic-infected beans for 24 to 30 hours and then transferring the 
insects to healthy plants. In addition to the potato aphid, Illinoia solanifolii, the bean 
aphid. Aphis rumicis, and the peach aphid, My mis persicae, shown by other investigators 
to be vectors, the following aphids will also transmit the virus: the pea aphid, I. pisi, 
the cucumber aphid, A. gossypii, the cabbage aphid, Brevicoryne Irassicae, the Cheno- 
podium aphid, Eyaloptenis atriflicis, smdi an aphid, Macrosiphum amlrosia, common on 
wild Compositae. All these species except M. anxhrosia have been found on beans in 
the field. (Aphid determinations made by P. W. Mason, Bureau of Entomology.) 
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STUDIES ON CEETAIN ENVIEONMBNTAL EELATIONS OP THE 
EOOT-KNOT NEMATODE, HETEEODEEA EADICICOLA" 

G. H. Godpeey and Helene Morita Hoshino 
(Accepted for publication April 4, 1932) 

Information on environmental relations of a plant-parasitic organism 
is fundamental to control. Upon attacking the problem of nematode 
control in connection with pineapple culture in Hawaii, it was evident that 
specific information was lacking concerning the relations of environment 
to survival of eggs and larvae of the root-knot nematode, Seierodora 
radicicola (Greef) Muller. This paper contains the results of specific 
studies on this problem, a brief preliminary report of which has already 
been made (10). The portion dealing with high-temperature relations, 
being a unit by itself, is reported in a separate paper (13). 

The specific studies reported in this paper were stimulated by indica- 
tions in the literature and from various observations and exploratory 
experimental work that the root-knot nematode is very highly susceptible 
to injuiy by adverse environmental conditions. In a preliminary experi- 
ment conducted at ‘Washington, D. C., some years ago, this was strikingly 
shown. The soil surrounding the roots of a badly root-knotted begonia 
plant was divided into 3 equal portions, which 'were treated as follows: 
(1) exposed in a layer about 1 in. deep to July sun for 6 hours (10: 00 a. m. 
to 4:00 p. m.) ; (2) same treatment, then remoistened, and the exposure 
repeated on a 2nd day; (3) held in the laboratory unexposed and continu- 
ousty moist. All 3 lots were then set to small tomato plants previously 
grown in sterilized soil. In about 3 weeks, examination of these plants 
revealed that plants 1 and 2 were entirely free from infection, whereas 
plant J was heavily knotted. Definite complete killing of the nematodes 
in the soil, in all stages, had resulted from even the few hours ^ exposure 
of but one day. Killing was due to one or more of the three factors, heat, 
drying, and light. This result and the results of other exploratory experi- 
ments and literature reports indicated the desirability of determining the 
extent to which each of these factors, temperature, drying, and light, was 
capable of contributing to the mortality of nematodes in controlled life- 
history stages. The present paper has to do with humidity relations and 
with the effects of light. 

Most of the contributions to the literature on this subject are very 
general in nature. Specific papers are cited in the introductory paragraph 
to each phase of the subject considered. 

1 Published with the approval of the Director as Technical Paper No. 37 of the 
Experiment Station of the Association of Hawaiian Pineapple Canners, University of 
Hawaii. 
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CULTURE METHODS 

Eggs and larvae were obtained readily, as desired, by the methods 
described in another paper (9). 

Death of the larvae was manifested by lack of movement, and by failure 
to recover motility within a week, during which period conditions were 
favorable for life. The greatest certainty of such favorable conditions was 
obtained in shallow, well-aerated drops of tap water exposed to the air, 
though larvae in beakers of water in the ice box at about 10° C. remained 
alive and active for 2 weeks or longer. Drowning is a possibility, however, 
particularly in water from which air has been exhausted. Dead larvae lie 
normally in a very typical extended or slightly bowed position (Pig. 1). 


Seterodera radicicola larvae. A. In the attitude of normal activity and 
B. In the attitude of death. 


When all the larvae of a treatment are in this condition and do not recover 
movement within a few days, it is reasonably certain they are dead. In 
some of the tests further trials of doubtful material were made by using 
it as inoculum on the roots of highly susceptible cowpea plants growing in 
sterilized soil. If no knots developed, it was considered that there were 
no living larvae in the inoculating material. As the readings by observa- 
tion always cheeked with inoculation readings, the latter were eventually 
eliminated. 

Similar tests with eggs demanded that they hatch under favorable con- 
ditions within 30 days in order to be considered alive. Extensive tests 
were made to determine most favorable conditions for this viability test. 
Byars (3) placed eggs on plates of agar and observed presence or absence 
of larvae, with no particular count of percentage of hatch. McClintock 
(14) conducted tests on the effects of various chemicals on eggs by trans- 
ferring treated egg masses to test-tubes containing synthetic-nutrient agar. 
After trying similar media we discarded agar in favor of the simpler 


■Percentage of untreated eggs hatched at room temperature {M ^8° C.) 
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method of drops of water on slides held at room temperature. It was 
found that hatched larvae migrated readily out of the egg mass and moved 
freely in the bottom of the drop. By transferring the egg mass to a new 
drop daily it was possible very readily to count the larvae and thus deter- 
mine the daily hatch. A daily change of water was found advisable, as 
these nematodes are quickly killed by pollution. 

Time required for hatching under average conditions and percentage of 
total number of eggs hatched in 1 series of tests are reported in table 1. 
Obviously this table applies onl}^ tO' this particular series. Kate of hatch- 
ing depends very much upon the temperature. Under somewhat warmer 
conditions, the time required for complete hatching may be shorter, other 
conditions being the same. No attempt was made to control the age of egg 
masses. It is obvious from the results that, with some, the embryonic stages 
of cell division and multiplication were already well advanced. 

Incubation conditions were maintained for 30 days, at the end of which 
period no further hatching had occurred for 4 to 6 consecutive days. In 
every lot at least 96 per cent of the eggs hatched. In several plates a 100 
per cent hatch was obtained. 

In addition to being a reliable method for testing viability of eggs, this 
preliminary work gave information on the egg-producing capacity of the 
root-knot nematode. In our test, as shown by table 1, the majority of the 
eggs had hatched by the 8th day of incubation ; nearly all were hatched by 
the 16th day, which is somewhat faster than the time reported by Prandsen 
(5), 20 to 28 days. Other studies revealed individual instances of very 
high numbers of eggs within an egg mass, counts having been made of 
1,052, 1,154, 1,277, and 1,308 in individual egg masses. The average num- 
ber in this lot of 84 egg masses was 416 eggs per egg mass. Other figures 
reported have been 300 to 500 by Prandsen (5) and Childs (4) and 100 
to 200 by Atkinson (2). 

THE EFFECT ON THE VIABILITY OF EGGS AND ON THE LIFE OF THE 
LARVAE WHEN EXPOSED TO DIFFERENT PERCENTAGES 
OF RELATIVE HUMIDITY 

Stone and Smith (19) stated that neither larvae nor eggs can stand 
desiccation, but no actual data on its effect were presented. Prandsen (5) 
reported that nematodes are resistant to cold but lack resistance to drying. 
Eggs and larvae placed on a glass slide and allowed to dry for a few min- 
utes failed to show any signs of further development and, if infected roots 
and tubers were allowed to dry thoroughly, all the eggs and larvae in them 
were killed. Spaulding and Gravatt (17) tested the influence of physical 
factors, particularly drying, upon the viability of the sporidia of the white- 
pine-rust fungus, Cronartium ridicola Fisdier, and reported that the viabil- 



1933] Godfrey AND Hoshino: Heterodera RADicicoLA 45 

ity was decreased merely by bringing them to air-dried condition. They 
used desiccators, in which the relative humidities were controlled by using 
different concentrations of sulphuric acid, to study the effect of prolonged 
drying. They pointed out that the injury to the sporidia from exposure 
increased with the decrease in the relative humidity. 

Methods. To determine the effects of drying alone on nematodes, it 
was necessary to maintain noninjurious light and temperature conditions. 
All tests were conducted in the laboratory free from direct sunlight, hence 
the light factor was eliminated. Eioom temperature (about 20 to 28° C.) 
shows no injurious effect upon the life of the larvae or on egg viability. 

In order tO' control the relative humidity, technique similar to that 
employed by Spaulding and Gravatt (17) was followed. Scheibler desic- 
cators of approximately 5,000 ee. total capacity were xised. Sulphuric acid 
of 1.84 specific gravity was used in making up the solutions that would 
produce the following relative humidities: 50, 60, 70, 80, and 90 per cent. 
Stevens (18), the Handbook of Chemistry and Physics (12), and the 
Smithsonian Tables (16) were consulted in preparing these solutions. 
Density was ascertained with hydrometers. Four hundred cubic centi- 
meters of each solution w-ere put in the base of each desiccator. This 
amount of acid was used because it presented a maximum surface area for 
the most rapid action on the air, and with such a volume the density of 
the acid changes very little by the water taken up from the air of the 
chamber. As soon as the acid solution was put in the desiccator, the cover 
was sealed with vaseline and the chamber placed in a dark room where the 
temperature was fairly uniform. The acid was poured into the chambers 
24 hours before the beginning of a test, so that the relative humidity of 
the air could reach equilibrium. A 100 per cent moisture condition was 
obtained by pouring 400 ec. of distilled water, instead of acid, into the 
desiccator. In making the test with larvae, 100 freshly hatched active 
larvae were first placed in a small drop of water on each slide and left in 
the laboratory for preliminary drying. As soon as the slide looked dry to 
the unaided eye, it was examined for water under a microscope. If no 
free water was detected and if all the nematodes w^ere still moving about, 
the slide was immediately used for exposure. Several control slides of 
larvae that were thus dried in a preliminary way were put under favorable 
moisture conditions by adding a drop of water to each, and it was found 
that not a single nematode had been killed. Egg masses previously taken 
from roots and placed in water were dried on filter paper and placed on 
slides ready for exposure. For studies on free eggs, egg masses were 
dissected under the microscope and the freed eggs pipetted into drops of 
water on a slide, 100 to a slide. The slide bearing the eggs or larvae was 
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placed on the perforated porcelain plate in the container. It was inserted 
or taken out of the desiccator in less than 2 seconds. 

After the completion of a series of tests, the density of the solntion 
was again determined with a hydrometer. There was no observable varia- 
tion in the desiccators during the experiment. Each treatment was repli- 
cated 3 times. Unexposed slides of larvae and eggs were kept in the labora- 
tory in Petri dishes lined with moist filter paper to serve as controls. 

BesuUs and Discussion. The effects of exposure to different relative 
humidities on the life of the larvae and on egg viability are presented in 
table 2. In bold-face type in this same table can be seen, under each 
humidity, the shortest period at which all the nematodes were killed. 

Table 2 shows that there was an increase in the number of larvae killed 
and in the injury to egg viability as the percentage of relative humidity de- 
creased. Also, increase in length of time of exposure increased the in- 


T/me h yn/nufes 
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jurious effect. Relative humidity of 100 per cent completely failed to Mil 
the larvae or injure the viability of the eggs. The data for egg masses at 
this humidity show a consistently high percentage of hatching. With lower 
humidities a longer time was required to MU the eggs than was required for 
the larvae ; likewise a longer time was required to kill in egg masses than to 
kill free eggs. 

The striking fact is evident from table 2 that even under relatively high 
humidity conditions (90 per cent) only a comparatively short period of 
time is required to kill even the more resistant stage (egg stage) of the 
nematode. Under average summer air conditions in Hawaii, approximately 
70 per cent relative humidity, hatched larvae are killed in only 10 minutes, 
eggs in egg masses in 4 hours, and free eggs in 3 hours. 

One phase of the results of table 2 is presented in another form in 
figures 2 and 3, which are semilog graphs showing the relatively straight- 
line relationship between time and percentage survival in larvae and in 





Pig. 3. Semilog graph showing percentage survival of Eeterodera radicicola free 
’ eggs at different relative humidities for different time intervals. The story here is 
much the same as that shown for larvae, except that the rate of killing is much slower. 
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free eggs, respectively. The results with eggs in egg masses were too 
irregular to show such straight-line relationship, which is readily accounted 
for by the irregularity of the protective material of the egg mass. The 
degrees of slope shown by the lines in each graph as a unit indicate rela- 
tive rates of killing with the different degrees of humidity. The more 
rapid killing at the lower humidities is readily seen. Figures 2 and 3 are 
not to be compared in this respect, since in the one time is plotted in minutes 
whereas in the other it is in hours. 

THE EFFECT ON EGG VIABILITY AND ON LARVAE WHEN EXPOSED TO COMPLETE 
DRYNESS FOR DIFFERENT PERIODS 

Methods. In performing this test, favorable light and temperature con- 
ditions were maintained. The experiments were conducted in a dark room 
at room temperature. Preliminary steps were identical with those followed 
in the tests of different degrees of relative humidity ; the organisms were 
allowed to stand under laboratory conditions until visible free water had 
evaporated before they were placed in the (practically) completely dry 
environment, which was maintained in a desiccator by means of concen- 
trated sulphuric acid. The desiccator was sealed with vaseline and tests 
conducted in the same manner as in the previous experiment. Dehydration 
of the organisms began, of course, immediately after the vessels were sealed. 

Experimental. The larvae were exposed to complete drying for the 
following periods : 10 to 45 seconds and 1 to 5 minutes. The egg masses 
were tested for from 5 to 30 minutes and 1 to 3 hours. Table 3 indicates 
that exposure to complete dryness for even the brief period of 10 seconds 
had some injurious effect upon the life of the larvae. In 3 minutes, every 


TABLE 3. — -Effect of complete drying for different periods on Seterodera 

radicicola 


Larvae 

Eggs in masses 

Eggs free 

Time of 

Percentage 

Time of 

Percentage 

Time of 

Percentage 

exposure 

killed 

exposure 

killed 

exposure 

killed 

10 sec. 

4 

5 min. 

6.0 

10 min. 

24.2 

15 ' ^ 

15 

10 '' 

9.0 

15 

50.1 

30 

25 

15 

12.4 

30 

99.6 

45 

36 

20 '' 

14.8 

45 

99.8 

1 min. 

49 

30 

98.4 

1 hr. 

100.0 

2 

83 

1 hr. 

98.7 

1 30 min. 

100.0 

3 

100 

1 “ 30 min. 

98.1 



4 

100 

2 

100.0 



5 

100 

2 30 min. 

100.0 







i 

i 


' 1 ^ 
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larva was killed. The eggs were not killed until after a much longer period 
of exposure. After 30 minutes, nearly all (98.44 per cent.) were killed, 
hut it took an exposure of 2 hours to kill every 1 in all egg masses. The 
irregularity in degree of protection offered by the gelatinous matrices in 
different oothecae is manifest here. Free eggs were killed in 1 hour. 

EFFECT ON EGG VIABILITY AND LIFE OF LARVAE WHEN EXPOSED TO SUNLIGHT 
AND TO LIGHT FROM A MERCURY VAPOR LAMP 

The literature on effects of ultra-violet radiation on various organisms 
is too great to mention, except very superficially, in this paper. Much has 
been done on its lethal effects on various pathogenic bacteria. Spaulding 
and Gravatt (17) report that solar radiation, with the heat and drying 
factors controlled, quickly kills nearly all the exposed sporidia of Crcmar- 
tium ribicola. Fulton and Coblentz (8) did some careful work with ultra- 
violet on fungi of various kinds. Sheard and Hardenbergh (15), studying 
the effects of ultra-violet on Deniodex follieuloriim of dogs, report that 
irradiation by the mercury vapor lamp at 25° C. at a distance of 50 cm. is 
fatal in 15 to 30 minutes. No reports of investigations have been found 
by the writers on the eggs or larvae of Heierodei'a radicicola,. Freer (6) 
reports killing of nematodes, without referring to the kind, after 2 or 3 
minutes’ exposure to the sun. Watson (20) reports that hot sunlight is 
very injurious to soil organisms in general. 

Methods. The technique used in the study of effects of ultra-violet on 
Heterodera radicicola was suggested by that employed by Lois Godfrey 
(11) in her studies on the measurement of ultra-violet in Hawaii sunlight. 
Some of the apparatus used in our studies was supplied by her. During 
the course of any specific exposure, favorable temperature and moisture 
conditions were maintained. Slides, each containing a fresh egg mass or 
100 active larvae in a drop of Avater, were placed in a dish lined with moist 
filter paper and covered with a quartz glass top that is penetrable by ultra- 
violet. (It is well known that ordinary laboratory glass absorbs all except 
the longest wave lengths of the ultra-violet of the spectrum). 

Such dishes were exposed to the sun usually on bright, clear days for 
various periods of time. Similar slides bearing larvae and egg masses were 
exposed to ultra-violet radiation for various periods of time. The source 
of radiation employed was a Cooper-Hewitt, air-cooled, quartz mercury 
vapor lamp operated at 110 volts, exposure being at a distance of 50 cm. 

A dark glass known technically as “Corex red purple” (Corning Glass 
Company No. G. 986A), known to exclude practically all the solar rays ex- 
cept the ultra-violet and transmitting an average of about 60 per cent, of 
that throughout its range, was also used, instead of the quartz glass cover. 
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with both the larvae and egg masses, exposed to sunlight and to the mercury 
vapor lamp. The object of using this dark glass was to test whether or not 
ultra-violet, alone as a factor, is capable of bringing about lethal elfeets 


upon the nematodes. ^ ^ 

Experimental. Before exposing the larvae and eggs to the sun,^ elimi- 
nation of the heat of sunlight as an injurious factor had to be considered. 
The larvae and eggs were exposed on separate drops of water about i mm. 
deep on slides placed in Petri dishes lined with moist filter paper. The 
constant addition of water to the drop on the slide prevented the water 
from heating up to a temperature higher than 30° C. Not a single nema- 
tode subjected to a temperature of 35° C. for 4 hours in a separate experi- 
ment on heating effects was killed. Hence, the drop of water and also the 
low temperature eliminated the heat and drying factors. Simultaneous 
exposure under identical conditions with regular glass Petri dish covers, 
instead of quartz covers, showed no killing of larvae even after several 
hours, which would seem to eliminate heat as a factor, since glass is 
penetrable to heat but not to ultra-violet. 

As a still further check on the temperature factor, a series of 3 slides, 
each containing 100 fresh, active larvae in a drop of water, was placed 
upon a flat tray of ice and exposed to the sunlight for the same periods of 
time. The results in percentage killed were not perceptibly different from 
those obtained from the usual method of exposure. Separate tests had 
shown that actual freezing of the water containing Heterodera larvae over 
ice and salt did not kill them, even when freezing was repeated several times 
with the same lot of material. Cold, therefore, was not a factor in killing. 

Exposures in Petri dishes without covers as compared with those with 
quartz glass covers gave no perceptible difference with regard to the effect 
of the ultra-violet rays. Several preliminary experiments determining this 
point were carried out with approximately the same results. This is to be 
expected since quartz is completely transparent to solar radiation. 

The series of experiments was repeated 6 times. The average results 
obtained are presented in tables 4 and 5. 

Subjection of larvae to ultra-violet radiation by exposure to sunlight 
for 25 minutes killed all the larvae. Irradiation by the mercury vapor 
lamp killed them after exposure for 12 minutes. With eggs, a longer time 
was required to produce any killing effect. When exposed to sunlight it 
took 5 hours, and when exposed to light from a mercury vapor kmp, 4 
hours to kill every egg in the egg mass. The time required for killing free 
eggs, however, was considerably shorter. It would seem definitely that the 
matiial of which the gelatinous matrix of the egg mass is composed serves 
to some degree as a protection against the penetration of ultra-violet rays. 


1933] 


Godfrey and Hoshino ; Heterodeea radicicola 


53 


TABLE 4 . — Efeot of different periods of exposure to light on the life of larvae 


Time of exposure 

Percentage killed 

Exposure to sunlight 

Exposure to light from 
mercury vapor lamp 



Under 

Under 

Under 

Under 

Hours 

Minutes 

quartz 

dark 

quartz 

dark 



glass 

glass . 

glass 

glass 


1 






8 



0 



5 

0 


3 



•7 

1 


14 



10 

3 

i . , ■ 

72 



12 

5 


100 



15 

8 


100 



20 

14 





25 

100 





30 

100 

0 


0 


40 


0 


6 


45 


15 


60 

1 



38 


100 

1 

30 


100 


100 

2 



100 



Controls 

0 

0 

0 

0 


Irradiation both by the mercury Taper lamp and the sunlight under the 
dark Corex red purple glass required a considerably longer time to produce 
killing effects on the larvae as well as on the eggs. This is only to be ex- 
pected in view of the fact that, while this special glass transmits only ultra- 
violet, it transmits incompletely in intensity the ultra-violet spectrum. 
Quartz glass transmits without loss in intensity practically all solar radia- 
tion. The literature on biological effects of light indicates, however, that 
aside from those rays that are actually transformed to heat (controlled 
here) it is only the ultra-violet that produces lethal effects. This makes it 
even more evident that ultra-violet, alone, is capable of producing the lethal 
effects on Heterodera, evident from these tests. From tables 4 and 5 it is 
possible, by referring across from the first 100 in each column to the time 
column, to see at a glance the minimum time tested, required for complete 
killing. The correct time for this is, of course, somewhere between this 
figure and the next shorter period. 

It is true that the sunlight that reaches the surface of the earth is dif- 
ferent not only in various localities but also in the same localities on dif- 
ferent days and at different times of the day. There are very striking 


54 


Phytopathology 


[VoL. 23 



TABLE 5 . — Effect of different periods of exposure to light on egg viability 


Percentage killed 


Time of exiDosure 

Exposure to sunliglit 

Exposure to ligkt from 
mercury vapor lamp 

Hours 

Minutes 

Under quartz glass 

Under 

dark 

glass 

Under 

quartz 

glass 

Under 

dark 

glass 


Eggs in 
masses 

Eggs free 

Eggs ill 

masses 

Eggs in 
masses 

Eggs in 

masses 


10 


25.3 





20 


28.4 


77.67 



30 

j 10.84 

30.0 


80.0 


1 


16.23 

33.8 


95.0 


1 

30 

20.6 

100.0 


95.7 


2 


34.7 

1 100.0 


96.3 


2 

30 

47.2 



98.0 


3 


61.25 



99.4 


4 


65.0 



100.0 


5 


100.0 



100.0 


6 


100.0 


95.2 


99.3 

7 




99.8 


100.0 

8 




100.0 


100.0 

9 




100.0 




differences in insolation even on successive days that seem similar in every 
respect. Freer (7) pointed out that greater intensities of ultra-violet rays 
may sometimes occur on hazy days than on days, that are bright and clear. 
This finding was corroborated by Lois Godfrey (11) for Hawaii conditions. 

To obtain a quantitative estimate of the intensity of ultra-violet, a solu- 
tion of N/10 oxalic acid and N/lOO uranyl sulphate was subjected to the 
action of the sunlight according to the method of Anderson and Robinson 
(1) used by Lois Godfrey (11) in Hawaii. The rate of decomposition of 
the oxalic acid by the solar radiation in the presence of uranyl sulphate is 
directly proportional to the intensity of the ultra-violet rays. Ten cubic 
centimeters of the solution were pipetted into a quartz-cover dish and ex- 
posed to the sunlight for 30 minutes. A new dish was brought out at every 
30-minute period throughout the length of any particular long-time ex- 
posure. The solutions after exposure were titrated with N/10 potassium 
permanganate and the amount of oxalic acid decomposition calculated. 
The intensity of ultra-violet is indicated by the amount of decomposition 
produced in the oxalic acid. Table 6 gives the results of tests in which 
killing effect on nematodes was measured simultaneously with a measure- 
ment of intensity of ultra-violet. 
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TABLE 6. — Effect of various intensities of ultra-violet radiation as indicated hy oxalic 
acid decomposition on the life of Heterodera larvae 


Time of 
exposure 
in 

minutes 

Time of day 

8: 45-9: 15 

a. m. 

11: 00-11: 30 a. in. 

3: 30-4: 00 

p. m. 

Oxalic acid 
percentage 
of decom- 
position 

Per- 

centage 

killed 

Oxalic acid 
l^ercentage 
of decom- 
position 

Per- 

centage 

killed 

Oxalic acid 
percentage 
of decom- 
position 

Per- 

centage 

killed 

15 

64.4 

1 4 

71.1 

7 

51.0 

3 

20 


18 


100 


11 

25 

1 

100 


100 


100 

30 

_ _ . _ 

100 


100 


100 


Time of day 


9 : 10-9 : 40 a. m. 

11: 10-11: 40 a.in. 

2 : 20-2 : 50 p. m. 

15 

55.4 

4 

43.0 

3 

82.0 

47 

20 


12 


8 


100 

25 


100 


100 


100 

30 


100 


100 


100 


At the end of 24 hours, all the larvae on the slides, which served as 
controls, were alive and active. The controls bearing egg masses for all 
ultra-violet tests, after a period of 24 days, all showed a consistently high 
percentage of hatching. (Average 98.1 per cent.) 

From these observations, it is evident that irradiation vnth ultra-violet 
has a lethal effect on both the larvae and eggs of Heterodera radicicola. 
Also, the prolongation of the time of exposure increases the killing effect. 
The data, furthermore, indicate that the greater the intensity of ultra- 
violet, the shorter the time required for killing. This latter observation is 
strikingly shown in table 6. In the exposures on April 23rd, when ultra- 
violet intensity was high at noon, as manifested by oxalic acid decompo- 
sition of 71.1 per cent, in 4 hour, all the larvae were killed in 20 minutes. 
With the lower intensities of both morning and afternoon, killing was 
definitely delayed. On April 24th, when, because of cloudiness, the light 
intensity near noon was cut down (only 43.0 per cent, decomposition), the 
killing effect was greatly delayed. In the afternoon in bright sunlight, 
giving 82.0 per cent, decomposition, killing was hastened again. 

EFFECT OP COMBINED EXPOSURE TO SUNLIGHT AND DRYING ON THE LIFE OP 
LARVAE AND ON EGG VIABILITY 

Since the investigations have proved that nematodes can be killed by 
any one of the 3 factors— light, heat (13), and drying, alone— it would ap- 
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pear tliat the siinnltaneoiis treatment with sunlight and drying would pro- 
duce lethal effects more rapidly. There is the probability of further reduc- 
tion of the time by the heat factor. 

One hundred fresh, active larvae were placed in a drop of water on 
each slide and left in a shady place in the laboratory for preliminary 
drying. As soon as the slide looked dry to the unaided eye it was examined 
for water under a microscope. If no free water was detected and if the 
nematodes were all still moving about, the slide was immediately placed on 
the window sill upon w^hich the sunlight shone directly. The egg masses 
also were exposed to the sunlight under dry conditions. After the com- 
pletion of each test they were placed under favorable conditions for hatch- 
ing to determine the effect on egg viability. 


TABLE 7. — Bata showing the comMned effect of exposure to sunlight and drying on 
the life of the larvae and 07i egg viability 


Time of exposure 

Percentage killed 

Larvae 

Eggs in masses 

Eggs free 

15 sec. 

0 



30 

31 



45 

60 



1 min. 

93 

14.0 

15.2 

2 

100 


27.4 

3 

100 

16.1 

30.0 

5 

100 

17.6 

52.4 

10 


23.0 

70.4 

15 


69.6 

93.8 

20 


98.4 

100.0 

25 '' 


99.0 


30 


100.0 


40 


100.0 



Larvae were exposed to the sunlight in a dry condition for various 
periods from 15 seconds to 5 minutes. The eggs were exposed for different 
periods from 1 minute to 1 hour. Table 7 shows that all the larvae were 
killed after an exposure of If minutes ±: i minute ; the eggs in egg masses, 
after 27^ minutes ±: 2| minutes; eggs free, 17^ minutes zi= 2| minutes. 
The results produced by the sunlight, drying, and heating show a strikin 
combined effect in rapid killing of the nematodes in all stages. Figure 
shows interesting straight-line relationship between time and killing effect 
of the sun, depicted on a semilog graph. The relative rates of killing on 
exposure to the sun are clearly shown here. 





be 
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Time in miijuies 



Eig. 4, Semilog grapR showing' percentage survival of Heterodera fadicicolu larvae 
and eggs, at different intervals, when exposed to the direct action of sunlight, sun heat, 
and sun drying. The outstanding feature of this graph is the high resistance of eggs 
protected in their gelatinous matrix, as compared with the free eggs and larvae. The 
free eggs are, likewise, considerably more resistant than the larvae. 
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At the end of 24 hours control slides showed all the larvae tO' be alive. 
Egg masses placed as checks, according to the usual procedure, gave hatch- 
ing of 97.3 and 98.7 per cent. 

Another test w^as made wdth egg masses covered with a very thin layer 
of soil (about mm.) to get some indication, if possible, as to the extent 
to which the killing effect of ultra-violet penetrated through such a medium. 
In one set, moist conditions were maintained, the soil being kept moist and 
exposure to midday sun being in a Petri dish covered with quartz glass. 
There were 3 replications of treatments. In this case, average percentages 
of survival were as follows: 30 minutes^ exposure, 96.4; 1 hour, 91.3; 2 
hours, 84.8 ; 4 hours, 7.3 ; 6 hours, 0.9 ; 7 hours, 0. Complete killing in this 
case, in 6-J hours ± i hour, is to be compared with 4-| hours ±: | hour, where 
egg masses were exposed directly, under similar conditions (ignoring the 
possibility of great differences in sunlight intensity on the 2 days) . In an- 
other set, the eggs were covered with air-dry soil and exposed directly to 
the midday sun. Here, of course, drying is a factor, in addition to ultra- 
violet. Here complete killing w^as attained in hours ±: i hour, wdiich is 
to be compared with 27-| minutes it 2^ minutes in the case of direct ex- 
posure of egg masses, without soil, on another day. Certainly in both tests 
marked insulation on the part of the soil against lethal effects of sunlight 
is manifested. 

EFFECT OF EXPOSUKE OP EOOT GALLS TO DIPPEREISrT PERCENTAGES OP RELATIVE 
HUMIDITY AND TO SUN DRYING 

Preliminary observations and experience having showui that Heterodera 
radicicola as contained within more or less w^oody roots of plants is pro- 
tected against unfavorable environmental conditions, a final test was made 
to determine approximately the extent to which such protection acts. For 
this purpose typical nematode root galls w^ere selected from cowpea plants 
and from pineapple plants. The cow^pea galls w^ere on relatively young 
roots and consequently were more or less soft and succulent. Some of the 
contained egg masses w^ere external, as illustrated in the senior writer’s 
paper (9) on technique. The pineapple galls were mostly terminal and 
therefore more or less succulent at the verj^ tip but were much more woody, 
in general, than the cowpea galls, and the egg masses were entirely internal. 

Such galls were washed and dried on paper towels and left for a few 
minutes to become thoroughly dry on the surface. They were then ex- 
posed, as described for larvae and eggs, by means of desiccators, to 50, 60, 
70, 80, and 90 per cent relative humidity, to complete dryness (over concen- 
trated sulphuric acid), and to direct sunlight, all for varying periods. Im- 
mediately after the completion of each test the roots were dissected to re- 
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TABLE 8 . — Percentage survival of Beterodera radicicola in root galls of cowpea (e) 
and pineapple {p) exposed to dijf event relative humidities 


Time of 
exposure, 
days 

1 

2 

3 

4 

5 

6 

Belative 













liumidity 

c 

P 

c 

P 

c 

P 

c 

P 


P 

c 

P 

(per cent) 













50 

86.2 

91.0 

0 

18.0 

0 

0 

0 

0 





60 

97.3 

98.5 

95.6 

94.7 

94.9 

95.9 

24.9 

32.8 

0 

0 

0 

0 

70 

97.5 

98.7 

97.5 

97.4 

96.9 

97.0 

26.6 

49.2 


8.0 

0 

0 

80 

98.8 

98.1 

98.7 

98.9 

97.8 

97.1 



75.7 

73.5 



90 

99.1 

99.2 

98.9 

99.2 

99.1 

99.2 







100 













0 

0 

52.2 

0 

0 

0 

0 







Sunlight 

8 hr. 

16 

hr. 

24 

hr. 

30 

hr. 






0 

52.1 

0 

2.0 

0 

0 
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move contained egg masses, which were mounted on slides m the usual 
method for incubation at room temperature. , • j • 

The series of tests was repeated 3 times, with 1 root of each kind in 
each test. Results were surprisingly uniform, considering the great vari- 
ability of protecting root material surrounding the eggs. Results in ^er- 
ages of the 3 tests, only, are given here, in tabulated form, in table 8. Con- 
trol roots, in which the egg masses were dissected out of fresh roots and 
incubated directly without exposure, gave a uniformly high rate of viability 
of eggs, over 99 per cent, in both cowpea and pineapple roots. 

It is possible to see at a glance the important conclusions that are to be 
drawn from this test. The viability of eggs is maintained for a much 
longer period when they are protected by the root than when free. At 50 
per cent relative humidity, for example, eggs in roots survive for over a 
day in the case of cowpea and over 2 days in woody pineapple roots, as 
compared with only about 2 hours in freed egg masses and only 1 hour as 
free eggs. "With higher humidities, life is maintained for a longer period. 
At So'^per cent humidity, all were killed by the 8th day, while at 90 and 
100 per cent there was still a high proportion of living eggs at the end of 
the 20th day. There was a gradual decrease in numbers of living eggs, and 
one is justified in assuming that drying would eventually become complete 
at 90 per cent humidity, with consequent death of the eggs. In our tests, 
after prolonged exposure at the higher humidities, the roots became moldy 
and gradually decomposed, thus introducing an external uncontrolled 

factor. 

With complete drying and with exposure to direct sunlight, killing was, 
likewise, much slower in the root galls than with free eggs and egg masses. 
TTilliTig was complete, however, in less than 24 hours in both cases, somewhat 
faster in the cowpea than in the pineapple galls. Sunlight exposure killed 
the nematodes in the cowpea roots in less than 8 hours. The well-known 
fact of low penetrating power of ultra-violet should be noted here in ex- 
planation of the much-slower killing of eggs in roots than of eggs exposed 
directly. 

SUMMARY AND CONCLUSIONS 

As a first step in the study of environmental relations of the root-knot 
nematode, Heterodera radicicola, a large number of egg masses were placed 
under favorable conditions for hatching, in drops of fresh tap water on 
slides in moist chambers, at room temperature (24 to 28° C.). The average 
hatch from 84 egg masses was 97.8 per cent. The average number of eggs 
per egg mass was 416. 

In the study of effects of different percentages of relative humidity (as 
obtained over sulphuric acid of controlled densities, in desiccators) on 
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longevity of larvae and eggs, the following results were obtained : at 50 per 
cent humidity, larvae survived for 3^ minutes ± i minute j eggs in masses 
for 24 hour dz 15 min; free eggs for 1^ hours dzIS minutes; eggs as pro- 
tected by root-gall tissues for days ±: i day. At 90 per cent humidity, 
larvae survived for 25 minutes zb 5 minutes ; eggs in egg masses for S-J 
hours zb i hour ; free eggs for 5^ hours zb | hour ; eggs in root-gall tissues, 
75 per cent still alive after 20 days’ exposure. For intermediate humidities, 
periods of survival were intermediate. One hundred per cent humidity 
kept all stages alive throughout the course of the experiment (or until molds 
and putrefaction killed them). Complete dryness brought about killing 
as follows : larvae, in 24 minutes ±: i minute ; eggs in egg masses in If 
hours zb J hour ; free eggs in 52^^ minutes zb minutes ; eggs in root-gall 
tissues in l-J days zb i day. 

Ultra-violet radiation was, likewise, found to have a relatively quick 
lethal effect on this nematode in different stages. The ultra-violet of the 
midday sun on a clear day in April in Hawaii, x)assing through quartz 
glass covers, killed the different stages in drops of water at nonlethal tem- 
peratures as follows : larvae in 22| minutes zb 2|- minutes; eggs in egg 
masses in 4-1 hours zb i hour ; free eggs in hoiirs bz J hour. Killing with 
the ultra-violet of a Cooper-Hewitt air-cooled quartz mercury vapor lamp 
at a distance of 50 cm. was always in a shorter period than in sunlight. 
Measurement of the ultra-violet made at the time of some of the tests showed 
killing was hastened with increased intensity of ultra-violet. 

Killing of the nematodes from the combined effects of sunlight, heat, 
and drying took place in a remarkably short time. Larvae were killed in 
li minutes ± i minute ; eggs in egg masses in 27-| minutes zb 2-| minutes ; 
free eggs in 17 i minutes zb 2-J- minutes; eggs in root-gall tissues of cowpea 
in less than 8 hours and in the more woody tissues of pineapple roots in 
about 16 hours (8-hour periods on 2 successive days). 

Analysis of percentage survival of larvae and free eggs for different 
periods shorter than the lethal period, for many of the different kinds of 
treatments, showed an interesting straight-line relationship between time 
and percentage survival, as graphed on semilog paper. 

University of Hawaii, 

Honolulu, Hawaii. 
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PHYSALOSPORA ZEICOLA ON CORN AND ITS TAXONOMIC 
AND HOST RELATIONSHIPS 

A. H. Eddins AND B. K. VOORHEES 
(Accepted for publication Marcli 26, 1932) 

INTRODUCTION 

In an earlier paper the senior writer (1) reported that Diplodia frumenti 
E. and E., D. natalensis Evans, D. gossypina Cke., and D. iubericola E. and 
E. cause similar ear rots of corn in Florida. Since the morphological char- 
acters of the imperfect stages of these 4 organisms also are similar, the only 
means left to determine whether they are the same or different species is to 
compare their perfect stages. Stevens (8) has shown that D. natalensis 
and D. gossypina are synonymous, as they have Physalospora rhodtna 
(Berk, and Curt.) Cooke as their perfect stage ; hut no one has yet reported 
the perfect form of either D. fnimenti or D. tuhericola. 

In 1929 a species of Physalospora was found on cornstalks in Florida 
and studies were undertaken to determine its pathogenicity and identity 
and to determine whether it is the perfect stage of Diplodia fnimenti. In 
the course of these studies, information was obtained on the comparative 
susceptibility of ears of corn in different stages of development to the 
fungus. Also, a number of different plant species were inoculated with this 
Physalospora, P. rhodtina, and D. tuhericoU to obtain some information as 
to their comparative host range. Results of these investigations are given 
in this paper. 

CAUSAli ORGANISM 

The first specimens of the species of Physalospora herein consklered 
were collected in the spring of 1929 on old dead cornstalks in fields in the 
vicinity of Melrose and Gainesville, Florida. Since that time mature asci 
and ascospores were usually found in late summer and fall on the nodes 
and internodes of the culm near the base of the plant after the infected 
stalks had dried. 

Five ascospore cultures of this Physalospora were grown on various 
kinds of media. Two of these produced pycnidia in potato-dextrose agar 
and sterilized corn meal, which contained pycnospores typical of those pro- 
duced by Diplodia frumenti. The same 2 cultures also formed pycnidia 
on the inoculated stems of geranium plants that were growing in the green- 
house. The other 3 cultures failed to fruit on media and geranium stems. 
Gultures obtained from either ascospores or pycnospores of this Physalo- 
spora and from pycnospores of the species of Diplodia fruited more readily 
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on artificial media immediately after they were isolated than after they 
had been carried in culture for several months. Old cultures, however, 
were pathogenic, produced spores on the host plant, and when reisolated 
sporulated in culture. 

Paihogeniciiy. In July, 1931, green cornstalks that had ceased to elon- 
gate were inoculated with 5 cultures of this Physalospora by placing the 
mycelium in an incision made by a downward stroke with a scalpel above 
the 4th or 5th node and wrapping the wound with nurseryman tape. 
Notes on infection (Table 1) were taken 6 weeks later. The pith and 
epidermis of the infected stalks were blackened in the zone invaded by the 
fungus for several inches on either side of the point of inoculation. Three 
of the cultures formed the perfect stage on some stalks and the imperfect 
on others, while 2 produced the imperfect stage only. On some diseased 
stalks no fruiting bodies were formed, but stromata of the fungus were 
present on the surface in the infected zone. The perithecia, asci, and asco- 
spores were similar morphologically to those of the Physalospora from which 
the cultures used in the inoculations were obtained, and the pycnidia and 
pycnospores were like those of Diplodia frumenti, which is common on corn 
in Florida. 


TABLE 1 . — Besiilts ohiained hy inoculating cornstalhs loith niyceliim from ascospore 
cultures of the Physalospora from corn 


Culture 

Number of stalks 

Inoculated 

Infected 

With 

perithecia 

alone 

With 

pycnidia 

alone 

With stro- 
mata con- 
taining no 

SI) ores 

1 

27 

27 

19 

2 

6 

2 

25 

25 

0 

25 

0 

3 

25 

25 

0 

25 

0 

4 

25 

25 

13 

4 

8 

5 

25 

23 

8 

13 

2 

Check 

25 

2 

0 

2 

0 


Bars of corn in the early-milk stage were inoculated by inserting myce- 
lium from pure cultures of the Physalospora into wounds made in the 
shanks, and the results are given in table 2. Many of the ears were invaded 
and thoroughly rotted and blaekened by the fungus, while in others the 
infection was scattered over the ear (Pig. 1, A). The rot produced by 
this organism was similar to that caused by Diplodia frumenti (1). The 
fungus produced perithecia on the husks of some ears and pycnidia on 
others. 
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Fig. 1. A. Ears of corn showing kind of rot produced by artificial inoculation, 
with mycelium develojiing from an ascospore of Physalospora seicola. B. Peritheeia of 
P. seicola breaking througli the exiidermis of a cornstalk. 


-'Results oMained hy inserting mycelium of ascospore cultures of the Rhy- 
salospora from corn into the sJianlcs of ears in the early-miTb 
stage of development 


Taxonomy. In 1890 Ellis and Everhart (3) described a species of 
Physalospora on cornstalks and named it Tliysalospora zeicola 'E. and E., 
the original description of which is as follows : 

Physalospora zeicola E. and E. On dead stalks of Zea mays exposed 
to the weather through the winter, Newfield, N. J. Apr. 1890. Peritheeia 
gregarious, minute (|-| mm) covered by the cuticle which is slightly raised 
and pierced by the obtusely conical, black and shining ostiolum. Asci 
clavate-eylindrical, 75-80 x 12--15 p, nearly sessile, with abundant para- 
physes, sporidia crowded-biserate, elliptical or almond shaped, hyaline, 
granular, 18-20 X 8-10 ja.’V 

The peritheeia of the Physalospora on cornstalks in Florida are similar 
to those of Physalospora zeicola in that they are black, gregarioixs, and break 


! 

Number 

of ears 

Vj til t LiJL 

Inoculated | 

Infected 

1 

22 i 

> 12 

9 

25 

10 

3 ' 

23 

! 18 

4 

24 

19 

5 

23 

10 

Check 

24 

1 
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through longitudinal cracks in the epidermis (Fig. 1, B). The Florida 
fungus also forms its peritheeia in stromata on the surface of the culm at 
the nodes. 

The asei of the Florida Physalospora have the same shape but are longer 
than those of P. zeicola, the measurements of the former being 95-140 x 
10-13 [j. Also, certain characteristics of the asei that were not mentioned 
in Ellis and Everhart’s (3) description of P. zeicola were observed in the 
Florida Physalospora. The young aseus has its granular contents enclosed 
in a sac that lies in the space enclosed by the outer wall of this structure 
(Fig. 2, C). After the spores are formed and mature the wall of the sac 


I ' -A', a: 1 

Pie. 2. A aad B. Photomicrographs of pycnospores from: A, Diplodia frumenti; 
B, FhpsalospoTa zeicola* O— E. Drawings of asei and ascospores of P. zeicola: C, young 
aseus; D, mature asei; E, mature ascospores. 

remains to enclose the spores, while the outer wall disappears (Fig. 2, D). 
When cut across the asei have a white appearance that, according to Stev- 
ens (8), is characteristic of the genus Physalospora. 

Ascospores of the Florida Physalospora (Pig. 2, B) are of the same 
shape and are unicellular, hyaline, and granular, like those of P. zeicola. 
Two hundred ascospores of the former measured 13-27 x 6-11 p, mostly 
20-23 X 8-9 p, thus agreeing very closely in size with those of P. zeicola. 

Physalospora setcola differs from P. rhodina in that it has shorter and 
narrower ascospores, as those of the former measure 13-27 x 6-11 p, mostly 
20-23 X 8-9 p, while those of the latter, according to Stevens (8), measure 
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24r-i2 X 7-17 }j, mostly 30-35 x 11-14 )j. Stout (9) reported tliat asci of 
P. zem Stout measure 85-150 x 13-22 [x and tbe ascospores 19-25 x 6.5-8 |j 
and concluded that it was a species distinguished from P. zeicola because of 
its larger asci and longer hut narrower spores. It thus appears that the 
morphological characters of the Florida Physalospora are, in general, very 
similar to those given for P. zeicola, as indicated in the above comparisons, 
and it is referred to that species. 

On potato-dextrose agar an ascospore culture of Physalospora zeicola 
cannot be distinguished from a pycnospore culture of Diplodia frumenti. 
The young mycelium of each is hyaline, granular, septate and branched, 
producing a loose, flocculent, white aerial growth. AYhen the cultures grow 
older, the mycelia become brown and stromatic masses and pycnidia are 
formed on the surface of the media. On severely diseased ears cultures 
from each source form brown, felty masses of hyphae on the kernels and 
husks. 

The imperfect as well as the perfect stage of Physalospora zeicola devel- 
oped on cornstalks artificially inoculated with mycelial cultures derived 
from ascospores of this fungus. The morphological characters of the pyc- 
nidia and pycnospores observed on these infected stalks were similar to 
those occurring on stalks naturally and artificially inoculated with Diplodia 
frumenti, Pycnospores of P. zeicola from artificially inoculated stalks 
measured 21-29 x 10-14 jj, mostly 25-27 x 12-13 p, and from culture 
21-33 X 12-15 p, mostly 26-28 x 13-14 p ; and those of P. frumenti from 
naturally infected stalks measured 19-31 xll-15 jj, mostly 25-27 x 13-14 p, 
and from culture 20-28 x 11-15 p, mostly 24-26 x 13-14 p (Tables 3 and 4), 


TABLE 3. — Classiflcaiion of pycnospores developing from the perfect and imperfect stages of 
Physalospora zeicola according to length 


Source of 

Total 

number 

spores 


Number of spores having 

a given length in microns 


culture 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

33 

Physalospora 
zeicola from 
cornstalks 

100 



2 

2 

5 

9 

26 

22 

25 

6 

3 




Physalospora 
zeicola from 
culture 

100 



2 

1 

11 

3 

14 

23 

15 

15 

11 

6 


1 ' 1 

I 

Diplodia fru- 
menti from 
cornstalks 

100 

1 

5 

1 

7 ; 

15 

20 

18 

■ . . 

i 

44 

24 

28 

19 

13 1 

4 

2 1 


Diplodia fru- 
menti from 
culture 

100 


1 

5 

8 

14 

24 

21 

18 ' 

4 

5 
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TABLE 4^.— Classification of pycnospores developing from the perfect and imperfect 
stages of Physalospora seicola according to width 


Source of culture 

Total 

number 

Number of spores having a given 
width in microns 


spores 

10 

11 

12 

13 

14 

15 

Physalospora seicola from 
cornstalks 

100 

3 

15 

38 

28 I 

16 


Physalospora 2 ’eicola from 
culture 

100 



9 

33 

39 

19 

Diplodia frumenti from corn- 
stalks 

Diplodia frumenti from cul- 

100 


10 

28 

82 

61 

19 

ture 

100 


3 

7 

55 

29 

6 


Tims, tlie imperfect spores from the 2 sources agree closely in size. 

A small portion of a specimen of Diplodia frumenti on a cornstalk col- 
lected by Langlois in Louisiana in 1886 was obtained from the TJ. S. Her- 
barium, Washington, D. C. Twenty-six pycnospores found on this material 
measured 17-26 x 10-15 p, thus agreeing very well in size with pycnospores 
of Physalospora zeicola and D. frumenti, reported above, but are somewhat 
larger than the measurements reported by Ellis and Everhart (2) in their 
original description of D. frumenti in which the dimensions were given as 
15-18 xl2 p. 

Since the imperfect stage of Physalospora zeicola cannot be distinguished 
from Diplodia frmnenti in its growth on media in pure culture and on corn- 
stalks and ears and since both form pycnidia in the same manner, containing 
pycnospores of similar shape, color, septation, and approximately the same 
dimensions, P. zeicola is considered to be the perfect stage of D, fnmienti. 
Photomicrographs of pycnospores of D. frumenti and P. zeicola are shown 
in figure 2, A and B. 

COMPARATIVE SUSCEPTIBILITY OP EARS OP CORN AT DIFFERENT STAGES 

OP GROWTH 

Experiments were conducted in the field in which ears of corn of dif- 
ferent stages of growth were inoculated by different methods. The inocu- 
lum consisted of pycnospores and mycelium from pycnospore cultures of 
Physalospora zeicola. At intervals of 5 to 9 days from June 10 to July 9, 
inclusive, 17 to 35 eax^s were inoculated by each of 4 methods, as follows: 
(1) Approximately 10 cc. of a spore suspension sprayed on ear tips; (2) 
approximately 10 cc. of a spore suspension sprayed in the crevice between 
the ear and sheath; (3) approximately 10 cc. of a spore suspension injected 
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into tlie linsks near the butt end with a hypodermic syringe; (4) a corn 
kernel on which the fungus was growing was inserted in the shank of each 
ear between the butt end of the ear and its point of attachment to the stalk. 

The inoculated ears were haiwested August 18 and examined for visible 
signs of infection, as indicated by the blackened condition of diseased ker- 
nels. As shown in table 5, infection was obtained by all 4 methods of in- 


TABLE 0 . — Com-parative sttsceptihiliiy to Physalospora zeicola of corn ears in different 

stages of development 


Date of 
inocula- 
tion 

Method of inoculation 

Stage of 
development 
of ears 

Total ears 
inoculated 

Ears with 
rotted 
kernels 

Ears with 
pycnidia 
on husks 

June 10 

Spore suspension sprayed 

Blister 

23 

3 

8 

’’ 17 

on ear tips 

7 ? 

Early milk 

22 

3 

15 

’ ^ 22 

j j 

Milk 

23 

2 

7 

30 

J 3 

Late milk 

25 

1 

3 

July 9 

3 3 

Dent 

25 

0 

0 

June 10 

Spore suspension sprayed 
ill crevices between ear 

Blister 

25 

3 

14 

>> 17 ! 

and sheath 

3 3 

Early milk 

23 

3 

14 

>> 22 i 

3 3 

Milk 

17 

0 

4 

” 30 1 

3 3 

Late milk 

24 

2 

2 

July 9 

3 3 

Dent 

25 

0 

1 

June 10 

Spore suspension in- 
jected into husks near 

Blister 

25 

9 

21 

17 

the butt 

3 3 

Early milk 

25 

4 

16 

'' 22 

3 3 

Milk 

lost 



30 

3 3 

Late milk 

25 

0 

6 

July 9 

3 3 

Dent 

26 

0 

5 

June 10 

Inoculum inserted in ear 

Blister 

35 

9 

33 

17 

shank 

3 3 

Early milk 

17 

7 

14 

22 

3 3 

Milk 

27 

15 

21 

30 

3 3 

Late milk 

24 

5 

13 

July 9 

'3 3 

Dent 

25 

2 

0 


oeulation. The method producing the highest percentage of infected ears 
with visible signs of rotting was that in which an infected corn kernel was 
inserted in the shank. Injecting a spore suspension into the husks gave a 
higher rate of infection than w^as obtained by spraying the inoculum on the 
tips of the ears and in the crevices between the ears and sheaths. The fact 
that inoculations made by wounding the ears gave higher rates of infection 
than those made Avithout w^ounding Avas probably due to the possibility that 
the spores injected into the ear husks and the mycelium inserted in the 
moist shanks suffered less from lack of moisture than the spores sprayed on 
the tips and butts of the ears. 
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Ears in the early stages of growth were more susceptible to infection I 

than those in the later stages of development. This was probably because 
the young, tender ears were easily penetrated and contained more moisture 
to support the growth of the fungus than older ears that were beginning 
to dent and harden. The fungus produced pycnidia on the husks of some 
ears that showed no kernel infection as well as on those whose ker- 
nels showed signs of rotting. 

Under natural conditions more ears are infected by Fhysalospora zeicola 
at the butt than at the tip. Such is also true of ears naturally infected I 

with DipZodM zeae (Schw.) Ley., according to Raleigh (6). Ears inocu- 
lated at the tip with a pycnospore suspension of P. zeicola, the inocu- 
lum forced on them in a stream from a pressure sprayer, thus placing the 
spores well down between the silks and in the crevices between the tips of 
the husks where moisture conditions were suitable for germination and 
fungus growth. Under natural conditions spores falling on the tips of ears 
seldom meet with conditions suitable for germination (6). 

HOSTS OP PHYSALOSPORA ZEICOLA, PHYSALOSPORA RHODINA 
AND DIPLODIA TUBERICOLA 

Taubenhaus (10) reported that Diplodia natalensis and D. gossypina, 
which, according to Stevens (8), are synonymous names for the imperfect 
stage of PhysalospoTa rkodina, caused the typical Java black rot of sweet 
potatoes. Meier (5) found that D. tubericola from sweet potato would 
cause the stem-end root of watermelon; and Fawcett and Burger (4) dis- 
covered that Diplodia isolated from gumming peach trees caused a gum- 
ming of orange trees and Diplodia isolated from orange trees caused a 
gumming of peach trees. Cross-inoculation studies made by Eddins (1) 
showed that D. tuiericolaf D. naialensis, and D. gossypina caused a rot of 
ears of corn similar to that caused by D. frumenti, the imperfect form of 
P. zeicola, and each caused a similar rot of oranges, grapefruit, sweet pota- 
toes, cotton bolls, and watermelons. In order to get some idea as to the 
extent of the host range of P. zeicola, P. rhodina, and Diplodia tuber kola, 

31 species of woody and herbaceous plants representing 24 families were 
inoculated with mycelium from pure cultures originating from pycnospores 
of the imperfect stages of the 3 organisms. 

Prom 5 to 10 inoculations were made in the branches, stems, and other 
parts of the different plants. A branch or stem inoculation was made by 
inserting mycelium of the fungus scraped off the surface of potato-dextrose 
agar into a small wound made in the bark or outer layer of tissues with a 
sharp knife. After inoculation the wound was first covered with waxed 
paper and then wrapped with nurseryman's tape. Branch or stem inocu- 
lations w’^ere made in all plants of the different species Citr%illu8 mil- 

Schrad. (watermelon) dind Gossypiim MrsuUmJj. (cotton), in which 
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the fruits alone were inoculated, and Ipomoea ’batatas (L.) Lam. (sweet 
potato), in which the fleshy roots were inoculated. A watermelon was in- 
oculated by sponging it off at the stem end wdth 50 per cent alcohol, and 
placing mycelium of the fungus in the bottom of a small plug cut into the 
stem, after which the plug was replaced and the wound was covered with 
waxed paper and nurseryman’s tape. Green cotton bolls and sweet pota- 
toes were inoculated in the same manner as watermelons except that their 
entire surfaces were sterilized before inoculation and inoculum was inserted 
in wounds at any convenient point on the surfaces of the bolls and roots. 

The inoculation experiments were carefully checked by wounding 
branches, stems, and other parts of the different plants and treating them 
similarly to those that were inoculated except that inoculum of tire differ- 
ent fungi was not introduced into the wounds. 

The inoculations Avere made in the summer of 1930 and 1931 and the 
criterion for infection was the production of pycnidia and mature pycno- 
spores in the region killed by the Physalospora or Diplodia in inoculated 
areas on the plants. From 1 to 6 wrecks was required for these organisms 
to produce pycnidia on their hosts. A longer time was required for the 

TABLE 'plants of Physalospora zeicola, P. rliodma, and Diplodia iuhericola as 
determined hy the production of pycnidia and pycnospores 
following artificial inoculation 


Family Species 


Family Species 


Aceraceae 

Amygdalaceae 


Artocarpaceae 

Coiivolvulaceae 

Cucurbitaeeae 

Ebenaceae 

Eiipliorbiaceae 


Fabaeeae 

Fagaeeae 

Geraniaceae 

Hamamelidaeeae 

Juglaiidaceae 

Lauraceae 


Acer fioridanum Thumb. 
Amygdalus persica L. 
Prunus angustifolia 
Marsh. 

Ficus carica L, 

Ipomoea hat at as (L.) 
Lam. 

Citrullus vulgaris Sehrad. 
Diospyros virginiana L. 
Aleurites fordii Hemsl. 
Euphorhia pulcherrima 
Willd. 

Eieinus communis L. 
Crotalaria striata DC. 
Quercus laurifolia Michx. 
Pelargonium Jiortorum 
Bailey 

Liquidamhar styraciflua 

L. 

Eieoria glahra (Mill.) 
Britt. 

Camphora campliora (L.) 
Karst. 

Persea persea (L.) Cock- 
erell 

Sassafras sassafras (L.) 
Karst. 


Magnoliaeeae 

Malaceae 

Malvaceae 

Meliaceae 

Mimosaeeae 

Papayaeeae 

Pinaceae 

Poaeeae 

Proteaeeae 

Rutaeeae 


Spoiidiaceae 


Magnolia grandiflora L. 
Pyrus communis L. 
Gossypium hirsutum L. 
Melia azedarach L. 
Acacia macrantha 
Thumb. 

Carica papaya L. 

Pinus carihaea Morelet 
Zea mays L. 

Grevillea rohusta 
A. Cumi. 

Citrus maxima (Bunn.) 
Merrill 

Citrus nohilis Lour. var. 

unshiu Swingle 
Citrus sinensis Osbeck 
Man gif era indiea L. 
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fungus to fruit on the woody plants than on the herbaceous ones. They 
usually fruited within a week to 10 days on watermelons, while on cotton 
bolls 2 to 3 weeks were needed and on sweet potatoes a month to 6 weeks 
were required. No dilferenee was observed in symptoms produced on the 
different hosts by the 2 species of Physalospora and P. tuhericola. None 
of the cheek inoculations in the different plants showed any infectioxi from 
Diplodia. A list of the host plants, as determined by these inoculation 
experiments, is given in table 6. 

SUMMARY 

A Physalospora found on cornstalks in Florida has been identified as 
Physalospora zeicola E. and E., and it has been demonstrated that it pro- 
duces an ear rot similar to that caused by Diplodia frumenti. 

Data are presented to show that P. zeicola is the perfect stage of B. 
fnmeni% and the fungus is referred to in this paper by its perfect-stage 
name. Since Stevens (8) has shown that P. rhodina is the perfect stage of 
D. natalensis and D. gossypina, it would be less confusing to refer to the 
fungus by its perfect-stage name than to call it B. natalensis when it ap- 
pears on citrus and D. gossypina when found on cotton. 

Ears of corn in the early stages of growth proved more susceptible to 
infection with P. zeicola than ears in the later stages of development. 

Physalospora zeicola, P. rhodina, and Biplodia tnl)ericola grew and pro- 
duced pycnidia on 31 host plants inoculated with mycelium from pure cul- 
tures obtained from pyenospores of the imperfect stages of the 3 oi^ganisnis. 

These studies indicate a need for reclassification of the species of Diplo- 
dia listed in Saccardo (7), since it may be found that many others having 
similar morphological characters will have the same host range. 
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DECAY OF WOOD AND GEOWTH OF SOME HYMENOMYOETES 
AS AFFECTED BY TEMPERATUEFY 

Ralph M. Lindgren 
(Accepted for priblieation April 9, 1932) 

Investigations pertaining to the effect of temperature on the develop- 
ment of wood-destroying fungi have been limited largely to determining 
the cardinal points for spore germination and for mycelial growth on cul- 
ture media and to studying the effect of heat in arresting their develop- 
ment in wood. So far as known, there have been no attempts to determine 
by means of laboratory experiments the relation of temperature to the rate 
of wood decay. The opportunity to study the relation of temperature to 
decay of wood and mycelial growth on culture media was supplied in the 
course of investigations of the effect of some fungi on the mechanical prop- 
erties of wood. Although the work attempted was not comprehensive, the 
results may be of interest and are recorded briefly- in this paper. 

MATERIALS AND METHODS 

The fungi used were Lenzites sepiaria Fries, Palystichis versicolor (L.) 
Fries, and Lentinus tigrimis Fries. The original cultures, with the excep- 
tion of L. iigrinus, were obtained from the Bureau of Forest Pathology, 
Forest Products Laboratory, Madison, "Wisconsin. LenzUes sepiaria and 
P. versicolor are wood-destroying fungi of great commercial importance on 
forest products, the former occurring on softwood and the latter on hard- 
wmod timber, principally. Lentimis tigrinus is typically a hardwood- 
rotting organism but is of little economic significance. 

Ninety-millimeter Petri dishes, containing 10 cc, of malt-extract agar, 
were used in studying the effect of temperature on mycelial growth on cul- 
ture media. The medium was prepared as follows : Trommers malt extract 
(plain), 25 gm. ; agar agar (Bacto granulated), 20 gm. ; distilled water, 
1,000 cc. Uniform squares of mycelium taken from the growing edge of 
a plate culture of each fungus were placed in the center of the Petri dishes. 
These plates were distributed immediately to 13 incubators, which ranged 
in temperature from 0 to 50° C. Three different series ivere used, each one 
consisting of 5 plates for each organism at each temperature. Two diam- 
eter measurements in millimeters were taken of each mycelial disk at 24- 
hour intervals for a period of 8 days. The average of the 2 measurements 
was used to represent the growth of the culture at the time of measurement. 
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The average growth in diameter at the end of any given period was based 
on the average of the 15 measurements taken for each organism at each 
temperature. 

In studying the effect of temperature on the rate of wood decay, blocks 
of Pinus resinosa SolBiideiCj PiceoA glcmca (Moench) Voss, Beiula papyrifera 
Marshall, and Populus tremuloides Michaux were rotted under eontrolled 
temperature conditions. The blocks, 112 in number, and 1x1x3 in., were 
oven-dried at 100° C. to a constant weight, weighed, and soaked in water 
until a moisture content of approximately 100 per cent, oven-dry basis, was 
reached. They were then autoclaved for 30 minutes at 15-pounds pressure 
and a block of each species of wood was transferred to 2-qt. fruit jars in 
which pure cultures of Lenzites sepiaria, PolysUctus versicolor, and Len- 
tinus iigrinm had become established on agar. The culture jars, 28 in 
number, were placed immediately in incubators maintained at constant 
temperatures of 22, 27, 32, and 35° C. After an incubation period of 2 



T£Mf>SRATURB /N 

Pig. 1, Pour days^ mycelial growtli of Lemites sepiaria, Lentinus tigrinus, and 
Polystictus 'versicolor ou malt-extraet agar under different temperature conditions. 
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montlis, the decaying blocks were removed from the jars and their oven-dry 
weights again recorded. The relative losses in weight induced by decay at 
the different temperatures were determined from the original and final 
oven-dry weights. 

RESULTS 

Mycelial Growth on GiilHire Media 

The mean growth in diameter in millimeters of the several fungi after 
various periods of exposure and for 4 days’ growth at different temperatures 
is shown in table 1 and figure 1, respectively. It is noted that the mean 


TABLE 1 . — The 'unean diameter growth o% malt-extract agar of ILensiites sepiaria, Len- 
tinus tigrinuSj and JPolystictus versicolor after various periods of 
exposure at different temperatures 


Organism 

Lays 

Average diameter growth in millimeters at various 
temperatures in °C. 

50 

45 

43 

39 

35 

32 

27 

22 

17 

12 

7 

3 

0 

Lensites sepiaria 

1 

0 

0 

0 

+a 

3 

2 

+ 

4 

4 

0 

0 

0 

0 


2 

0 

0 

0 

2 

10 

7 

2 

4 

4 

0 

0 

0 

0 


3 

0 

0 

-1- 

7 

21 

17 

12 

7 

3 

0 

0 

0 

0 


4 

0 

0 

+ 

17 

29 

25 

17 

12 

5 

4 

0 

0 

0 


5 

0 

+ 

1 

23 

40 

38 

25 

19 

12 

4 

4 

0 

0 


6 

0 

+ 

2 

28 

55 

52 

38 

27 

17 

1 

4 

0 

0 


7 

0 


3 

35 

65 

61 

47 

33 

22 

3 

4 

0 

0 


8 

0 


4 

44 

77 

73 

57 

40 

28 

8 

2 

0 

0 


15 

0 

+ 

14 

- 

- 

- 


- 

70 

21 

10 

0 

0 

Lentinus tigrinus 

1 

0 

0 

0 

+ 

12 

10 

7 

2 

4 

0 

0 

0 

0 


2 

0 

0 

0 

7 

39 

34 

20 

9 

2 

4 

0 

0 

0 


3 

0 

0 

0 

25 

75 

65 

41 

21 

7 

4 

0 

0 

0 


4 

0 

0 

0 

44 

90 

85 

63 

38 

19 

4 

4 

0 

0 


5 

0 

0 

0 

58 

- 

- 

80 

54 

26 

2 

4 

0 

0 


6 

0 

0 

0 

73 

■ __ 

- 


68 

35 

7 

4 

0 

0 


. 7 

0 

0 

0 

90 

- 



80 

46 

10 

4 

0 

0 


8 

0 

0 

0 

- 

- 

- 

_ 

90 

55 

12 

4 

0 

0 


15 

0 

0 

0 

- 

_ 

- 


- 

- 

40 

2 

0 

0 

Tolystictus versicolor 

1 

0 

0 

0 

0 

9 

12 

11 

7 

2 

0 

0 

0 

0 


2 

0 

0 

0 

+ 

18 

28 

25 

18 

9 

4 

0 

0 

0 


3 

0 

0 

0 

+ 

32 

47 

42 

32 

19 

4 

+ 

4 

0 


4 

0 

0 

0 

+ 

40 

65 

57 

45 

35 

2 

1 

4 

4 


5 

0 

0 

0 

-f 

50 

83 

73 

56 

47 

7 

2 

1 

4 


6 

0 

0 

0 

1 

56 

904 90 

69 

59 

11 

3 

2 

4 


7 

0 

0 

0 

2 

62 



81 

70 

15 

5 

3 

1 


8 

0 

0 

0 

2 

70 

- 

— 

90 

79 

19 

8 

5 

2 


a + indicates trace of growth. 
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incx’emeiit at any given period of exposure increases progressively as tlie 
optimum temperature, based on the greatest mean diameter growth, is ap- 
proached. The mean growth rate for the individual successive 24 hour- 
periods is not always the same. Although the mean diameter growth for 
the entire period is consistently greater at the optimum than at any other 
temperature, increments for given 24-hour exposure periods are sometimes 
greatest at temperatures other than the optimum ones. Growth rate is 
found to vary to some extent wdth time of exposure, but there is no definite 
progressive decrease in daily increment at higher temperatures nor progres- 
sive increase of daily increment at lower temperatures, as has been reported 
by some investigators. 

Of the 3 fungi, Lemites seiyiaria showed the slowest rate of growth, 9 
days being required to cover a 90-millimeter Petri dish at the optimum 
temperature. Lentinns iigrinm and Polystictiis versicolor covered the 
same area in approximately 4 days and 54 days, respectively. The cardi- 
nal temperatures for growth of LenzUes sepiaria were found to be as fol- 
lows: optimum 32--35'^ C. ; minimum, approximately 5° C.; and maximum, 
45*^ C. These results vary slightly from those obtained by Snell (5) but 
agree rather closely with those reported by Palck (2, pp. 9-32) for this 
same fungus. Snell found the optimum to be between 30 and 34° C. ; the 
minimum, approximately 8° C.; and the maximum, 40 to 44° C.; while 
Palck reported 35° C. as the optimum, 5° C. as the minimum, and 44° C. 
as the maximum point. Humphrey (4) states that the optimum for devel- 
opment rests between 28 and 32° C. The use of different strains of this 
organism could easily account for such variations in the temperature rela- 
tions. 

Lentinns tigrinus grew more rapidly but had a narrower range of 
growth than either of the other fungi. It had the same comparatively high 
optimum temperature for growth, 32 to 35° C., as Lenzites sepiaria^j but its 
extreme limits were not so wudely divergent, the minimum being approxi- 
mately 7° C. and the maximum 40 to 43° C. An increase of a few degrees 
above the optimum temperature retarded growth to a much greater extent 
than a corresponding decrease below it. This is strikingly evident from a 
comparison of the growth figures at 22, 32, and 43° C. At the end of 4 
days, growth at 22° C. was almost 4 that at 32° C., while, at 43° C., growth 
had been inhibited. 

The cardinal temperatures of PolysUctus versicolor were the lowest of 
all, its optimum point being between 27 and 32° C., the minimum at ap- 
proximately 0° C., and the maximum about 40° C. The retardation of 
growth resulting from a slight increase in temperature above the optimum 
was decidedly pronounced. It is noted from table 1 that an increase of 9° 
above was practically equivalent to a decrease of 23° below the optimum in 
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its retardlBg influence on growth. An increase of less than 10° C. inhib- 
ited growth, while a decrease of 30° C. was needed to accomplish the same 
result. 

Decay of Wood Induced at Dijf event T emperatures 

The deca^^ of wood induced by the 3 oi^ganisms under different tempera- 
ture conditions, as determined from the relative losses in weight of wood, 
is shown in table 2 and figure 2. For the purposes of this discussion, the 


TABLE 2 . — The average percentage loss in weight of wood rotted wnder different tem- 
peratures for a 2-monih period 


Organism 

j 

Temperature | 
in'^C. 

Average percentage loss in 
weight of wood 

Average loss 
in weight for 


Pine 

Spruce 

Birch 

Aspen 

all woods 


35 

5.20 

5.20 

3.50 

6.00 

4.97 

Lenmtes 

32 

6.60 

3.70 

3.10 

3.20 

4.15 

sepiaria 

. 27 

3.50 

3.90 

3.00 

3.30 

3.43 


22 

3.40 

3.10 

2.20 

3.70 

3.10 


35 

0.80 

^ 2.20 

7.10 

7.00 

4.28 

Lent inns 

32 

1.60 

3.80 

5.20 

6.80 

4.35 

tigri7uis 

27 

3.50 

2.00 

9.00 

10.00 

6.12 


22 

1.90 

0.90 

3.40 

4.80 

2.75 


35 

2.00 

1.40 

7.40 

4.80 

3.90 

Poly St ictus 

32 

2.30 

3.60 

11.40 

8.20 

6.38 

versicolor 

27 

3.70 

3.00 

6.70 

5.50 

4.73 


22 

1.30 

2.00 

3.90 

6.00 

3.30 


aggregate or average loss in weight for all woods will be used as the basis 
for comparing the rates of decay at different temperatures. It will be seen 
in table 2, however, that the decay-temperature relationship for any one 
organism is not consistent for all the woods. 

A comparison of figures 1 and 2 indicates a mycelial-growth-tempera- 
ture and decay-temperature relationship in the case of Lenzites sepiaria 
and Polystictus versicolor. Decay caused by these 2 organisms progressed 
most rapidly at temperatures that were the optimum ones for their mycelial 
growth on culture media. Thus, the loss in weight produced by L. sepiaria 
was greatest at 35° C. and w^as successively reduced at each drop in tem- 
perature below this point. At 22° G. the average loss in weight due to 
decay was only 63 per cent of that induced at 35° C. Decay caused by P. 
versicolor progressed at a maximum rate at 32° C. but was fairly rapid at 
27° C., also. At 35 and 22° C., the losses in weight were only 61 and 53 
per cent of those at 32° C. It is noted in figure 1 that the mycelial growth 
of this organism was also greatest at 32 and 27° C. and least at 22° C. 
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A — Lenzti-es sepian/a 
8 — L&nTi nuts nus 

C — PolLf’S-f-Jci'us versico/oi* 

I'M. 2. The aggregate loss in weight of wood induced hy Lenzites sepiaria, Len- 
tinus tigrvrms, and Polystictus versicolor under different temperature conditions. 

A relationsilip between rate of decay and mycelial growth at different 
temperatures was not indicated in the case of Lentinm tigrimis. Decay 
induced by this organism progressed most rapidly at 27° C., while growth 
of mycelium on culture media was greatest at 35 and 32° C. However, it 
is seen in table 1 that mycelial growth was fairly rapid at 27° C. as well 
as at the optimum temperatures. Both decay of wood and mycelial devel- 
opment were materially retarded at a temperature of 22 C. 

The 3 fungi varied somewhat in their respective abilities to attack the 
several woods employed in the decay studies. Lenzites sepim-ia caused the 
greatest losses in weight in the 2 coniferous woods, pine and spruce, and 
was active in decaying birch and aspen, also. FolysUcUs versicolor pro- 
duced pronounced losses in weight in both of the hardwoods and developed 
fairly rapidly on the coniferous woods. Leniinus tigrinus was distinctly a 
hardwood-destroying organism, producing decay in birch and aspen equal 
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to that induced by P. versicolor but making little progress in attacking the 
coniferous woods. Snell (6) reported similar results with L. iigrinus and 
concluded that the rotting potentialities of this organism were limited 
largely to hardwood timber. 

Considering aggregate loss in weight in all temperatures as the criterion 
of susceptibility to decay, birch proved relatively resistant to Lemites 
sepiaria but was readily attacked by Lentimis iigrinus and Polystictus ver- 
sicolor. Norway pine and white spruce were decayed rather rapidly by 
Lemites sepiaria but proved more resistant to Lentinus iigrinus and P. ver- 
sicolor either of the hardwood species. These 2 coniferous woods 
differed little in their relative susceptibility to the several fungi. Aspen 
was quite readily subject to decay by all 3 organisms. 

DISCUSSION 

The temperature relations of wood-destroying fungi have been studied 
on culture media only, probably because this method is the simplest and 
gives most promise of yielding immediate and consistent results. Since no 
correlations have been made between the rate of decay of wuod and the rate 
of mycelial growth on culture media at different temperatures, it has been 
assumed that the temperature relations of an organism on wood could be 
predicted from the results of tests on agar. In all probability, this assump- 
tion is sufficiently correct for all practical purposes, but there are two pos- 
sible reasons for suspecting that it may not be entirely true. The first 
concerns the chemical and physical differences between the agar and the 
wlood. It has been demonstrated by a number of investigators that the 
temperature relations of fungi may vary wdth the substratum upon which 
they are grown. Brooks and Cooley (1), for instance, in their study of 
stone-fruit fungi, found an interesting contrast betw^een the behavior of 
Sclerotinia cinerea (Bon) "Wor. and Bhizopus nigricans Ehr. when grown 
at different temperatures on peaches and on potato-dextrose agar, the former 
organism growing earlier and more rapidly at the lower temperatures on 
peaches than on agar, while the reverse condition held for Bhizopus. It is 
conceivable that differences in wuod and agar as substrata alter the tem- 
perature relations of wood-destroying fungi as well. 

The second possible difficulty in predicting the rate of wuod decay at 
various temperatures from tests on agar lies in the time factor involved, 
agar tests covering relatively short experimentation periods, while decay of 
wood requires long exposure periods; that may continue for years. Fawcett 
(3) has emphasized the need of considering the influence of time on rate of 
growth and has shown for certain fungi that growth rates vary for different 
consecutive observation periods at the same maintained temperature. With 
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culture periods of from 3 to 6 days and an observation period of 24 liours, 
it was found for the fungi studied that, in general, the optimum tempera- 
ture for gx'owth shifted to lower temperatures with each successive observa- 
tion period and that there was a corresponding displacement of the apparent 
maximum point. With comparatively low temperatures, the growth rate 
increased with the age of the culture, and with the highest temperatures it 
decreased througiiout the culture period. If such changes in the groAvth- 
temperature relations with different periods of exposure hold true for 
wood-destroying fungi, tests on agar would indicate the optimum conditions, 
and possibly the maximum and minimum points, for the initial part of the 
period of growdh in wood only, and a decidedly lower optimum might be 
expected for decaj' , continuing through several months and even years. In 
the present study on agar, there is noted a slight tendency for the gro'vvth 
rate at the higher temperatures to be retarded towards the end of the 
experimental period, as might be expected from Faw^cett’s results, but the 
data are too inconsistent to permit any conclusions. Alhough the results 
on agar do not indicate definitely that long exposure periods louver the 
optimum temperature for growth of any of the organisms, it is possible 
that such a time factor contributed towards the divergence between the 
results on agar and on ^vood in the case of Lentinus tigrimis. 

The work reported in the present paper Justifies few definite conclusions 
because of its preliminary nature and certain irregularities presented in its 
results. It indicates for the fungi studied that temperatures favorable for 
mycelial growth are, likewise, conducive to rapid decay, but whether the 
limits or relative rates of grow^th are the same on agar and in wood has not 
been determined. It is hoped that more intensive investigations of these 
phases of the life history of the more common wood-destroying fungi, pos- 
sibly using relative losses in weight or the progressive evolution of carbon 
dioxide as an index of decay, will be stimulated as a result of this report. 
Such studies will not only contribute to our knowledge of the biology of 
these organisms but will also have a practical application in the formulation 
of control practices. 

SUMMARY 

The effect of temperature on the rate of wood decay and of mycelial 
growth on culture media was studied under controlled conditions for 3 
wood-destroying fungi, Lenziies se^^aria, PolysticMs versicolor, and Len- 
iinus tigrimis. The cardinal temperatures for mycelial growth on malt- 
extract agar were as follows: Lenzites sepiaria, optimum 32-35° C., mini- 
mum approximately 5° C., and maximum 45° C.; Lemtinus tigrimis, 
optimum 32-35° C., minimum approximately 7° C., and maximum 43° C.; 
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PolijsticUis versicolor, optimnm 27-32"^ C., minimum approximately 0° C., 
and maximum 40'^ C. 

Decay caused by Lemites sepiaria and Polystictus versicolor progressed 
most rapidly at those temperatures most favorable for their mycelial growth 
on culture media. Decay induced by Lentinus tigrinus was most rapid at 
27° C., while greatest mycelial development occurred at 35 and 32° C. At 
a temperature of 22° C., decay processes as well as growth of mycelium 
were materially retarded for all 3 organisms. 

Attention is called to the need for correlating tests on agar with decay 
studies on wood where the temperature relations of wood-destroying fungi 
are being determined. Mention is made of the differences both in the 
cliemieal and physical nature of the substrata and in the duration of fun- 
gous development as reasons why predictions of the rate of wood decay at 
different temperatures on the basis of tests on agar are not reliable. 

Division op Plant Pathology and Botany, 

University Farm, 

St. Paul, Minnesota. 
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TBANSMISSIBILITY OF THE BROOMING DISEASE OF 
BLACK LOCUST 

L. W. R. Jackson and Oael Hartley 
(Accepted for publication March 28, 1932) 

In 1898 a witches’ broom, on black locust, Bohinia psettdacacia L. was 
recorded in a brief note by Waters (12). Overlooking this report, Hartley 
and Haasis (4) recently published a description of a malady that they 
designated ^‘brooming disease.” The two diseases are almost certainly 
identical. The exp elemental data in the present paper, though not exten- 
sive, combine with field observations to indicate strongly that this locust 
disease is of the peach-yellows type and is presumably caused by a virus. 
Particular interest attaches to this disease, partly because it adds to the 
brief list of viroses of woody plants, which, because of the nature of the 
hosts, are particularly good material on which to study recovery from virus 
infections, and partly because it is, to date, the only virus disease that has 
been described from the rich American forest-tree flora, which includes 
hundreds of timber-producing species. The parasitic sandalwood, Santalwn 
album L., of Asia, is the only other timber tree for which a published report 
of a virus disease has been noted. Our wild plum, host for peach rosette 
(11), is scarcely a forest tree in the usual sense of the word. 

Histological and cultural studies made thus far have failed to reveal a 
visible causal organism. The histological technique employed by Heald 
and Sprague (5) in identifying the fungus associated with the witches’ 
broom of service berry failed to show any trace of a fungus in either the 
periderm or cortex of the proliferated twdgs of black locust, A fungus 
growing superficially on the bark and tentatively referred to Camaro- 
sporium will be described more fully in a later paper. It should be men- 
tioned that Watei’S reported the same experience wdth the witches’ broom 
on black locust collected in 1898. J. E. Humphrey thoroughly studied 
his specimens ^^and to his surprise found not the slightest trace of fungus 
hyphae or fructification in or on the tissues. Under the microscope, thin 
sections showed that the wood was very much gnarled and twisted, , and a 
section through a node resembled somewhat a piece of bird’s eye maple. 
We must, therefore, ascribe the formation of so many adventitious buds and 
such abnormal foliage to something else than fungus enemies.” 

Since the brooming disease could not be attributed to the presence of a 
visible pathogen, the next logical step w^as to determine the transmissibility 
of the disease. 


S3 



a Taken from 12 in. below lowest broom. 
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GRAFTING EXPERIMENTS 

Normal and diseased scions were top-worked with cleft or veneer grafts 
on healthy seedling stocks. In the cleft grafts each stock bore 2 scions. 
The seedling stocks were about 4 years old and had an average height of 
3 ft. and diameter less than 1 in. at the time of the grafting. The scions 
were gathered from several widely separated points in the District of Co- 
lumbia. The normal scions or checks were cut from sprout clusters that 
bore no visible evidence of disease history. Each diseased scion was cut 
from a densely proliferated broom and an apparently normal scion was cut 
at a distance of approximately 12 in. inwardly on the branch from the last 
point of visible brooming. The purpose of this second set of normal scions, 
which w^as cut from diseased branches, was to determine the systemic dis- 
tribution of the infective principle. All the scions were dormant and the 
grafting was done March 16, 1929. Details as to the source and type of 
scions and their growth are given in table 1. 

Of a total of 12 grafts with diseased scions, the scions grew through the 
summer on at least 7, and 4 of these, together with 1 of those on which the 
scion had promptly died, showed definite brooming of the stock before the 
end of the first summer. (See Pigs. 1 and 2.) Of a total of 6 grafts with 
apparently healthy scions from branches that showed diseased terminals, 
scions were growing 2 months later on 4, and 1 of these developed brooming 
of the stock. The stocks with lost tags are included among those with no 
brooming, since, in September, none of the unmarked trees in the planting 
showed brooms. All of the broomed trees, except that shown in figure 2, 
were dead the following spring. In each of the 6 cases of positive trans- 
mission the brooming symptoms included twig proliferation and leaf dwarf- 
ing that are identical with the symptoms observed in the field. Details are 
presented in table 1. 

None of the grafts with scions from normal branches and none of the 39 
nongrafted seedlings in the same planting, some in physical contact with 
the broomed trees, showed any visible brooming symptoms, either in 1929 
or the 2 subsequent years. Therefore, it does not appear that the disease 
is strongly contagious and likely to spread through mere contact or prox- 
imity of normal and infected plants. 

The apparent lack of need for positive union of the graft and subse- 
quent growth in order to secure transmission, indicated by the single case 
of Graft 16 (Pig. 2), suggests a dissimilarity with other tree viruses. Graft 
16 formed no union and showed no signs of growth, yet the stock developed 
a definite broom on one of its branches. It has been repeatedly demon- 
strated that the successful transmission of peach yellows is dependent on 
a positive union of the grafts (8). In the ease of phony disease of peach 





B! 







Fig. 1. Graft 14, showing extent of hrooiniiig of the stock 5 months after grafting, as 
compared with a normal hlack-loenst leaf. Cleft graft at top of trunk. 
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Fig. 2. Graft 16, showing single terminal branch broom. A veneer graft was made at 
X, which never formed a union. 
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(6) normal nursery trees contract tlie disease ^vlien root grafts form a posi- 
tive union but fail when grafts are negative. Juice injections have failed 
to transmit such virus diseases as peach yellows, little peach, and spike of 
sandalwood (9). Nevertheless, in view of the fact that a single scion in 
these black-locust grafts apparently transmitted the disease without union, 
it seems logical to attempt juice-injeetion experiments. 

The length of time after grafting required for the appearance on the 
stock of the symptoms of the disease is in agreement with many virus dis- 
eases already reported. In this experiment the blaek-loeust stocks bore 
well-developed brooms during the same growing season, 5 months after 
grafting. The grafts w^ere made March 16, 1929, and brooms on the stocks 
were fully developed by September. This is a short period wiien compared 
with that for peach yellow’s, little peach (Waite, oral communication), and 
phony disease (6), in which the symptoms do not appear on the stocks till 
the following season; but longer than for peach rosette (8) and spike of 
sandalwood (3), in which visible evidence of transmission has been obtained 
in 2 months. Four months is given as the time required for evidence of 
transmission through grafts of ^‘buckskin’’ disease of cherry (7). In the 
case of witches^ broom of ocean spray {Eolocliscus discolor) (13) the trans- 
mitted symptoms are confined to the region of the graft the first season and 
do not appear in other parts of the plant until the second season. It ap- 
pears that the length of period from grafting to the development of definite 
symptoms of the disease on the stock is an important differentiating charac- 
teristic of these supposedly virus diseases. 

The amount of brooming of the stocks varied from a single terminal 
broom on a branch (Fig. 2) to complete brooming (Fig. 1). Graft 16 wns 
a particularly interesting ease. This graft was previously referred to as 
one where transmission occurred without apparent union of the graft. A 
veneer gnaft was made on the main stem, shown at point (;x) in figure 2. 
Not only did the scion fail to unite, but a bark lesion developed at 
the wound, which was the apparent ^ cause of the death of the leader 
15 months after grafting. > The broom appeared terminally on one of the 
lower branches (Fig. 2). In this ease the infective principle had to be 
transmitted downward through the stem for a distance of approximately 
8 in. and then outward to the tip of the branch, which was another 2 ft. 
This gives a total distance of transmission of approximately 3 ft. No 
brooming appeared anywhere else on the stock, and during the followdng 
2 years the originally broomed branch has grown normally. For the 
buckskin graft-infectious disease (7) the greatest distance for transmission 
from* diseased scion to healthy scion during the first 4 moi^ths wns 2 ft. 

The degree of brooming for the other grafts is given in table 1. In gen- 
eral, the outbreak of brooms where transmission w^as successful was simul- 
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taneous tliroiiglioiit the entire stock. In nature the brooms commonly oc- 
cur terminally on sprouts, as shown in figure 2. The simultaneous develop- 
ment of brooming throughout the entire stock, as in figure 1, is another 
point that closely relates the symptoms of the brooming disease to spike in 
sandalwood. In transmitting the spike disease from one tree to another 
through root haustoria (3) the disease appeared simultaneously in all parts 
of the tree and practically every twig was spiked. The apparent recovery 
of the locust that showed the least initial symptoms of the disease is in ac- 
cord with the experience with raspberries (1). 

Another important eharacteristie derived from these transmission data 
is that the infective principle is actively present and transmissible in the 
stem and twigs of the black locust. Dissimilarly, the virus causing the 
phony disease of peach is re.stricted to the roots and so far it has not been 
transmitted by means of stem material. In the field it has been observed 
that locust roots frequently send up completely proliferated sprouts. These 
broomed sprouts seldom attain a height greater than 18 in. and usually die 
back at the end of the first growing season, but the same root can give rise 
to additional broomed sprouts in following seasons. It appears, therefore, 
that the infective principle is actively present in black-locust roots. So far 
no attempt has been made to transmit the disease by means of root grafts. 

budding experiments 

An attempt was made to transmit the brooming disease of black locust 
by budding. A large number of diseased and normal buds were collected 
from various field plots in the District of Columbia in late summer, 1929, 
and budded on to normal seedling stock. None of the buds made union, 
and the following spring they were all dead. To the end of 1931 none of 
the budded stocks has shown any visible signs of brooming. The failure of 
budding may be attributable in part to the morphology of black-locust 
buds. As shown by Biisgen and Miineh (2), the new bud is deeply em- 
bedded in the petiole pulvinus. When the petiole is cut off for budding 
purposes the stub dries up and perhaps hinders the growth and develop- 
ment of the new bud the ensuing spring. The budding method has proved 
unsuccessful in the experiments with spike of sandalwood (10). The 
patch graft” used recently by Sreenivasaya is probably worth trying in 
future black-locust brooming-disease experiments. 

CONCLUSIONS 

The brooming disease of black locust has been successfully transmitted 
in one case to healthy stocks through grafted diseased-stem scions despite 
the death of the scion. In certain cases the disease failed of transmission 
despite the union and growth of the scion. 
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Brooming appeared on the stocks, during the first season, in some cases 
nearly 3 ft. from the graft. The time requirement for visible evidence of 
transmission was from 4 to 5 months. One of the infected trees apparently 
recovered. 

Division of Poeest Pathology, 

Bureau op Plant Industry, 

U. S. Department of Agriculture. 
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KNOB AND ELEVATED VEIN FOEMATIONS ON SWEET- 
POTATO EOOTS^ 

R . . P O O L E 

(Accepted for publication April 2, 1932) 

There are two specific disorders of the sweet potato that cause the edible 
root to vary from the normally developed smooth, symmetrical, and uniform 
shape, denoting quality, to that of an unsightly rough appearance signify- 
ing inferior quality. The phenomena are wddely distributed in all areas 
where the crop is grown, but in any area the prevalence is so influenced by 
such factors as types of soil, amounts of nitrogenous substances in the soil, 
and precipitation during the growing season that their effects are of no 
importance in certain seasons and very injurious in others. The slowness 
in which southern varieties are being accepted in the larger markets 
is largely a result of inferior quality based mostly on irregular sizes, shapes, 
and otherwise unattractive appearance displayed because of these two dis- 
orders. Studies over a long period of years on the causes of and the fac- 
tors applicable to inhibiting these two effects are discussed briefly in this 
article. 

THE KNOB CONDITION 

The knob disturbance (Pig. 1, A), being of wide occurrence, has made 
the symptoms well known. Probably every grower of the crop has ob- 
served the disorder. The knob character may, without careful examina- 
tion, be confused with somewhat similar raised areas resulting from infes- 
tation by Caconema radicicola Cobb, the root-knot forming nema. In 
potatoes affected with only the knob condition there are no such internal 
disturbances of the inner tissues as occur after the nema infests the potato 
and develops in the tissues numerous light-color flask-shape female nemas, 
encircled by a ring of tissue that becomes oxidized brown in color. Other 
than displaying an irregular rough outward surface, the potatoes are de- 
cidedly normal throughout. 

The knobbiness shown in figure 1, A, was obtained by growing the crop 
on Cecil sandy loam, which, during the drought period of 1930, became very 
hard. The root during growth gave every evidence of following the lines 
of least resistance in this soil. Irregular hardness was conspicuous in the 
soil areas where the roots were developing. The disturbance is always most 
pronounced on the distal end, the end deepest in the soil. The smaller 
potatoes as well as the feed roots often show the effects throughout. The 

1 Technical Paper No. 58, North Carolina Agricultural Experiment Station. 
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Fig. 1. A-D. Kaney Hall variety of sweet potatoes. A. Comparison of knob dis- 
order on |)otatoes grown in Bnrliam sandy loam in drought area during 1930 with a 
smooth symmetrically formed potato grown on loose sandy soil in the same field, B. 
Vein disorder of potatoes grown on deep phase Durham coarse sandy loam that was dry 
throughout the latter part of the summer but wet for 3 weeks previous to harvest. C. 
Cross sections showing the second-growth disorder in comparison with a normal i^otato. 
D. Comparison of normal potato wdth those showing both the knob and elevated vein 
condition. 
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crater-like cavities in the small potatoes and the deeper depressions in the 
larger ones were packed with hard soil when removed from the soil, indi- 
cating very great pressure of the root against the hard soil. The epidermal 
layer, even in the cavities, is not broken; nor is there any evidence that new 
periderm tissue was formed, such as develops when roots are injured by 
rodents. It is >vell demonstrated in the characteristics of the plant that 
root and potato development wdll continue regardless of the nature and 
character of the soil. 'When soils become compacted and resistant, as the 
clay and loamy clay soils of the Piedmont areas often do during periods of 
drought, the feeder roots and potato roots are forced to depart from 
a straight course of symmetrical development such as obtains in loose soils. 
When the soil is too hard to be moved readily there will be consequent knob- 
biness of the potatoes (Fig. 1, A). This characteristic effect is readily de- 
veloped in pot cultures in clay soil under controlled conditions. During 
1930, a drought season, the knob-like formation wns most conspicuous on 
the same area and soils on which it was of no importance in the seasons of 
1929 and 1931 when the soil moisture content w^as more favorable for plant 
growth and for maintaining less hardness in the soil. The injury in some 
instances approached complete girdling, but in no instance were any roots 
found completely divided. It is apparent that the sweet-potato root does 
not have the power to force hard soils into symmetrical molds but does have 
a w^ell-developed characteristic of distributing the products in the edible 
roots, allowing the greatest development in the soft strata of soil. The 
variation in soil hardness in this area results from irregular depths of plow^- 
ing soils and from turning under sandy soils when the subsoil is near the 
surface. Yields on the hard soils are very lowq but there is no proof that 
other intricate factors are not of equal importance in inhibiting growth. 
Low^ soil moisture alone influences the plant to root deeply and profusely 
when the leaf area is large. The knob effects become very noticeable in 
seasons when there is an abundance of moisture during the early develop- 
ment of the roots, and wdien followed by a long period of soil-moisture 
deficiency, which causes the upper strata to become dry and hard. The 
Norfolk, Durham, and Granville sandy soils of a deep phase rarely produce 
the knob effect. 

the SECOND-GROWTH AND VEIN CONDITION 

The potatoes showui in figures 2 and 1, B and C, have developed second 
growdh characterized by raised vein-like markings. This condition occurs 
in small, large, short, and long potatoes alike. The sizes of the veins are 
w^ell illustrated in figure 1, B, and in cross sections of some of the potatoes 
shown in figure 1, C. Some of the smaller veins are barely raised, noted 
only by the vein outline. Others vary in depth up to an inch in diameter. 
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Pig. 2. Old mother potatoes producing second growth after having produced a crop of 

plants. 

The primary cambium was permitted to oxidize sufficiently before making 
the photograph of figure 1, C, so as to bring out clearly and to distinguish 
the second-growth characters. New cambium is formed in the second 
growth ; however, it is not clearly shown in the figure. Microscopical ex- 
amination of the second-growth tissues does not indicate anything pecu- 
liarly different from that of the first growth. The edible qualities are not 
impaired at any time and the keeping qualities, as measured by desiccation 
and attacks of fungi wdiile in storage, are just as good as those not affected 
by the vein condition. 

A number of factors, fluctuations in soil moisture being the most impor- 
tant, cause second growth, but the cause of the phenomenon of vein forma- 
tion is unknown. The inconsistency with which these veins occur on all 
sides of the potato confuses any theories set forth that veins arise from any 
definite sort of cells or tissues. The second-growth condition develops most 
prominently when low soil moisture prevails during the early development 
of the edible root and when this condition is follow^ed by high soil-moisture 
content during the latter stages of development. The exact period of time 
that each condition must prevail to produce the effect is not known. 
Studies conducted in pots under controlled conditions have been unsatisfac- 
tory because of smallness and irregularity in shape of the potatoes. 

Fertile soils, heavy nitrogenous fertilization, and such organic materials 
as barnyard manure and legume debris are definite aids to second growth. 
With sufficient soil moisture available for optimum growing conditions, 
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these substances force the plant to develop rank vines, on which the pota- 
toes react suddenly to moisture conditions toward the latter part of the 
season. 

All of the important commercial varieties are subject to second growth, 
but the Norton Yam and Nancy Hall varieties develoio more prominently 
this condition than do the varieties Porto Rico and Jersey. The Big Stem 
Jersey strains also develop the vein more consistently than do the strains 
that produce smaller potatoes. The large and oldest potatoes develop the 
vein condition more consistently than do smaller potatoes, even on the same 
plant, but this does not account for the difference in susceptibility, since 
the variety Porto Rico, which is somewhat resistant, produces larger pota- 
toes than does the more susceptible Nancy Hall variety. The second- 
grovffh character has been produced also on the stem of Yineless Yellow 
Jersey when plants are left attached to the mother potato throughout the 
summer in potted sand cultures (Fig. 3). 



Fig. 3. Vineless Yellow Jersey xootato kept in sand throughout the summer, showing 
plants with a well-developed second-growth condition on the stem. 

DISCUSSION 

The knob and elevated vein disorders may both occur’ on the same pota- 
toes (Fig. 1, D) . The hard soils may even influence the size of the elevated 
• veins.. 

In sweet-potato culture it is well known that the development of the 
vines and leaf area can be advanced to such a degree that carbohydrate 
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development, at least that expressed by the formation of the edible root, is 
inhibited and delayed. The exact amount of leaf area necessary to develop 
the optimum quality of marketable edible roots probably varies extensively 
because of marked variations of growth and yields for different growing 
seasons. However, information on the fertilization of the crop points the 
way for greater uniformity of quality in the future. The use of recom- 
mended formulas of a definite analysis is open to some criticism in that 
there is lacking in the recommendations the necessary definite information 
on how and when to apply them scientifically to complex sandy soils con- 
taining a variable supply of available elements necessary for plant growth 
but to which the crop is most practically adapted. The sandy soils are 
mechanically well suited to sweet-potato development, but the character of 
growth and yields obtained without any other evidence shows that these 
soils are of the most irregular sort in maintaining the elements necessary 
to the growth of the plant. Even with all such factors beyond the possi- 
bility of immediate control, marked improvement in quality can be obtained 
and such disorders as are described here may be essentially eliminated by 
growing adapted varieties on well-drained sandy soils, exercizing caution 
with applications of nitrogenous fertilizers but with liberal applications of 
potassium-supplying substances. 


SUMMARY 

Sweet potatoes in all areas where grown are subject to 2 distinct non- 
pathological conditions that do not prejudice their edibility but do seriously 
affect their marketable quality. 

The names of the conditions are referred to here as knob and vein dis- 
orders or formations. 

The knob condition is easily differentiated from knots formed by 
Gaconema radicicola infestation, by the absence of the oxidized brown tis- 
sues developed when caused by the latter. The knobbiness results in hard 
soil formed during drought periods, in which the growth of the potato is 
greatest in the looser soils. 

The cause of the vein phenomenon is not known, but it is a result of 
second growth of the roots in soils of high moisture content, especially when 
preceded by drought conditions, and its development is aided by loamy soil 
types, nitrogenous fertilizers, barnyard manure, and leguminous debris. 

The use of well-drained sandy soils that are adapted to the particular 
variety and the exercise of caution in the use of large amounts of nitroge- 
nous fertilizers are advanced as control practices. 

North Carolina Agricultural Experiment Station^ 

Ealeigh, North Carolina. 


CROWN GALL ON A CONIPEE 

J , G . Brown and M . M . Evans 
(A ccepted for publicatioa April 19, 1932) 

Ciipresms arkonica Greene is a conifer native to Arizona. The tree is 
a valued ornamental in the Southwest because it grows as well on the mesa 
and in valleys as it does in a wild state on mountain slopes in its native 
habitat. Another quality that makes this species valuable is its resistance 
to Texas root rot {Fliymaiotriclmm omnivanim (Shear) Buggar) which 
annually kills many shade and ornamental trees at the lower altitudes in 
southern Arizona. 

A small grove of C%ipresstis arizonim (Pig*. 1, F) on the campus of the 
University of Arizona contains individual trees that have attained a height 
of 40 ft. or more. The trees are growing in filled ground underlaid with 
caliche. Some months ago several trees in the grove showed dead tips, and, 
after examination by entomologists, they were declared infested with the 
engraver beetle, Phloeosinus cristatus Le Conte.^ The infested trees were 
cut down and the stumps excavated. Most of the work of removing the 
trees was done before our attention was directed to the roots of a tree that 
showed numerous galls (Pig. 1, 1). 

The galls on the cypress superficially resembled crown galls (Fig. 1, B, 
C, G, H). Their surfaces were more or less rough. In size they varied 
from slight swellings to tumors 6 to 9 in. in diameter. One of the larger 
galls, but not the largest by any means, w^eighed 1,395 gm. 

In texture most of the galls w^ere hard, but a few spongy ones were 
found. The hard galls consisted of both concentric and eccentric thicken- 
ings produced by increased local activity of phellogen and cambium. 
Tracheids, which, of course, make up almost the entire mass of the xylem, 
showed transverse, oblique, and longitudinal aspects in the same cross sec- 
tion of a gall (Pig. 1, J). In general, the tracheids were normal in ap- 
pearance. However, in some small protuberances on the surface of large 
galls the tracheids developed tangentially with reference to the axis of the 
protuberance, presented a whorled appearance, and the innermost ones were 
abnormally enlarged. The xylem showed growth rings, which were irregu- 
lar in thickness (Fig. 1, A). In some roots sections through galls showed 
that the original stele at the time the gall started had partly decayed (Pig, 
1,A). 

iVorMes, Charles T. Destroy infected cypresses. Arizona Producer (Phoenix) 
9: (11): 8. Aug. 15, 1930. 
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Fig. 1. Crown gall of Cupressus arisonica. A. Cross section of gall on partly de- 
cayed root. B. Gall resulting from needle inoculation with causal Bacterium on petiole 
of Mdnus communis. C, D, G, and H. Enlarged galls from I. E. Cross section of a 
healthy root. F. Cupressus arisonica on campus of IJiiiversity of Arizona. I. Crown 
galls outlined with cotton wool, on roots of C. arisonica. J. Photomicrograph of part 
of cross section of a gall. Note vertical, oblique', and longitudinal aspects of tracheids. 
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The cortex was thicker than that of normal roots and from its outer sur- 
face an abnormal sloughing-off of dead cells occurred. Living cortical cells 
frequently contained a resinous mass of material. The cambial zone was 
generally much wider in sections of the galls than in sections of normal 
roots, and the phloem was likewise enlarged. 



Pig. 2. A. Bacteria in cortical cells of root, x 1,088. B, Bacteria in traclieids. 
X 1,088. G. Part of a cross section of a gall showing cortical and subcortical cells. Bac- 
teria in a medullary ray cell at a. x554. 
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Living cells of the galls, as shown by stained sections, contained nuclei 
somewhat larger than those of normal cells in comparable tissues. No 
binncleate cells were found. Less starch was present in the gall cells than 
in similar cells of healthy roots. 

Although no fungal parasites were found, either in stained microscope 
sections or in cultures of the gall tissues, bacteria were abundant in both. 
In the stained sections bacteria appeared not only in cells of the cortex but 
also in the cambial region and even in the tracheids (Pig. 2, B). It is 
probable that at least some, possibly all, of these bacterial masses repre- 
sented saprophytic forms or secondary invaders. The location inside the 
cells suggests a tissue-destroying rather than a gall-producing organism. 

Inoculations were made on PatePs medium^ from gall tissues after the 
usual surface sterilization of the galls wuth 1 : 1000 mercuric chloride solu- 
tion, Prom the inoculations there was isolated a motile bacterium whose 
physiological reactions on common laboratory media corresponded with 
those described for Phytomonas himefaciens (Sm. and Town.) Duggar. 
This bacterium was inoculated into growing tissues of Bicinus communis L. 
and the inoculations were paralleled with the proper controls. It was also 
inoculated into many seedlings of Cupressns arizonica. The inoculated 
plants of the castor bean gave small galls (Pig. 1, B) from which the origi- 
nal bacterium, only, was reisolated. Even in the needle punctures in 
Eicinus that failed to respond to inoculation by gall production, the bac- 
terium remained alive and was reisolated after considerable time had 
elapsed, in one case after 12 weeks. 

Although all seedlings of Cnpressus arizonica were grown in steam- 
sterilized soil, the first lot was lost through damping-off. Undue enthusiasm 
on the part of the investigators led to premature inoculation of the second 
lot of seedlings, which were killed by the needle wounds in crowns and 
taproots. A third lot is growing at the present time in which some seedlings 
are showing small swellings. 

DISCUSSION 

Tumors of a resinous nature on the conifers, Pmtis sylvestris L., P. 
lancia Poir., and P. maritima Mill., are referred to by Dufrenoy.^ They 
occurred on aerial members. Neither the tumors nor the causal organism, 
a coccus, agrees with the galls and the bacterium herein described. 

At the time this paper on the galls of Cupressus arizonica was prepared 
for presentation at the New Orleans meeting of the American Association 

2 Patel, M. K. An improved metliod of isolating do t-i/we/aaens Sm^ 
and Town. Phytopatli. 16: 577. 1926. 

Jean. Sur les tumeurs bacteriennes experimentales des pins. Compt. 
Rend. Acad. Sci., [Paris] 169: 545-547. 1919. 
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for tlie Advancement of Science^ no account of crown gall on a conifer was 
discovered in literature by the writers. Since that time Miles and Brown" 
have reported crown gall on Junipems sabina L. No inoculation studies 
are mentioned. 

That crown gall is uncommon on the Arizona cypress seems to be true, 
since the senior writer has lived in Arizona for more than 22 years, has 
been frequently called upon to examine trees that were not doing well, and 
has never before observed crown gall in this species, although the disease 
is very common on shade trees and ornamentals. On the other hand, the 
Arizona cypress has been planted extensively in the cities and towns of 
southern Arizona only in recent years; furthermore, the occasional death 
of a tree, even in a country where trees are highh^ valued, may pass without 
comment or notice to plant pathologists. Again, it is possible that crown 
gall develops slowdy on the cypress when the tree is growing in deep, fertile 
soil, although under similar favorable conditions for the growdh of the host 
the disease is fatal in Arizona in a very high percentage of eases involving 
certain other species of trees.® Probably the sclerophyllous nature of the 
foliage of Ctopressus arisonica and possibly also its root habit, in their rela- 
tion to transpiration, favorably affect the longevity of the host. 

SUMMARY 

CrowTL gall on the roots of Giipresstis arizonica^ believed to be the first 
reported case of the disease on a conifer, is described with respect to the 
nature of the galls, the reaction of the bacterium on culture media, and the 
result of cross inoculations into Bicimis commionis. 

University of Arizona, 

Tucson, Arizona. 

4 Brown, J. G. Crown-gall -like liypertropliies on a conifer. (Abst.) Pliytopatli. 22: 

4. 1932. 

5 U. S. Dept. Agr., Bur. Plant Inclust. PI. Dis. Reptr. Sup. 81; 133. 1931. 

6 Dorsey, M. J. Crown gall from the liorticulturists ’ viewpoint. 8 pp. In The 
crown gall resolution. 41 pp. unno. Amer. Assoc. Nurserymen: Louisiana, Missouri. 
1924. 




PHYTOPATHOLO&IGAL NOTES 

The Bulhoiis Irises as Hosts of Tylenchiis dipsaci, the Bulb or Stem 
Nema. — The earliest and, to onr knowledge, the only literature records of 
bulbous iris attacked by Tylenchas dipsaci Kiihn, are two notes by Ritzema 
Bos in 1925^ and 1926,^ both manifestly referring to the same material. 
Our earliest records go back to 1928, when this pest was observed almost 
simultaneously on iris bulbs imported from Holland and from a planting 
on Arlington Farm, Virginia. 

A summary of our observations follows : In the period from the fall of 
1928 to July, 1932, 38 lots of bulbous irises were found infested with 
Tylenchus dipsaci. Of these, 23 were foreign (Canada, England, Fx'ance, 
and Holland) and 15 were domestic-grown (Florida, North Carolina, Ore- 
gon, South Carolina, Virginia, Washington, and Wisconsin, but mostly of 
foreign origin). These lots included 22 dilferent varieties belonging to 
Spanish (Ins xiphmm L.), Dutch (I. xiphium hyhridum), English (I. 
xipJiioides Ehrb.) and Morocco iris (I. tingitana Boiss. and Bent.). 

The disease symptoms appear to be the same or very similar in all four 
of the species. To recognize young infections, the brown outer scales of a 
bulb should usually be removed. Contrary to the development in narcis- 
sus and hyacinth bulbs, where an infection usually works down into the 
bulb from the neck region, in bulbous irises it commonly starts from the 



Fig. 1. Early stage of a Tylenchus dipsaci infestation of English iris. Exterior 
view shows typical spots (yellowish) ; cross section of the same bulb shows the infesta- 
tion as small circular spots. 

1 Eitzema Bos, I. In Verslag over de werkzaamheden van den Plantenziekten- 
kundigen Dienst over het Jaar 1924. Verslag. en Meded. Plantenziektenkiind. Bienst 
Wageningen, no. 41: 16, 1925. 

2 Eitzema Bos, I. Het stengelaaltje in Iris. Tijdsehr. Plantenziekten. 3'2 : 199. 
1926. 
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side surface, where it first shows up as a yellow spot or streak. As 
it spreads out, its center turns brown, even grayish, changing to a lead color 
(Figs. 1 and 2, A) . The center of the affected area may now appear faintly 


Phytopathology 


Fig. 2. A. Fxterior view of various stages of Tylenchus dipsaci infestation of 
Englisli iris bulbs. B. Cross sections of various stages. Black rings are shadows be- 
tween scales and should not be confused with infected areas. Photographs through the 
courtesy of Dr. F. Weiss, Division of Horticultural Crops and Diseases, U. S. Depart- 
ment of Agriculture. 

sunken, whereas in earlier stages it is sometimes slightly elevated. A cross 
section through the bulb at an early stage of the disease shows the infec- 
tions as circular areas (Pig. 1) . 
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If more than one original infection spot or streak is present, they may 
flow together as the disease progresses. Gradually the whole scale turns 
spongy, and is then often quite distinctly set off from the rest of the bulb. 
In still more advanced cases the whole bulb may be affected; the lead-color 
areas flow together, and smalh tunnels or canals may be seen with the aid 
of a hand lens (Fig. 2, B). Soon, decay will set in. 

As far as is known, these symptoms are restricted to the bulb proper. 
The green parts of an infested plant exhibit no ''spikkles,’’ thus differing 
from the narcissus. The leaves remain backward in growth and sonietimes 
become yellowish. Specimens of TylencMis cUpsaoi rarely are found in the 
leaves. No flowers develop except when the disease is still in its earliest 
stages. If the pest is not checked, 5 or 6 months’ time seems to suffice to 
kill a bulb. 

Experiments attempting the transfer of Tylenchus dipsaci from bulbous 
irises (on a small scale and under greenhouse conditions) to narcissus and 
onions were not successful. 

As a control measure a hot-water treatment, similar to that for narcissus 
bulbs, was tried, but no conclusive results have yet been reached. It is 
probable that the infestation may be controlled by a hot-water treatment, 
but its effect upon the iris plant itself has not been satisfactory. 

It may be mentioned here that, recently, Aphelenchoides fragariae 
(Eitzema Bos) Aphelenclius siMemiis (Cobb)) has also been observed 
attacking iris bulbs. The symptoms seem to be the same as those described 
above for Tylenchus dipsaci. — G. Steiner and Edna M. Buhrer, Division 
of Nematology, U. S. Department of AgTiculture, Washington, D. C. 

Field Inoculations of Finns strohus with Sporidia of Cronartium rihi- 
cola in Minnesota} — ^In the summer of 1927 a number of field inoculations 
were made with sporidia of Cronartium ribicola Fischer on 3 to 7-year-old 
Finus sfrobus L. trees growing naturally in 2 different localities in Minne- 
sota. The inoculating material consisted of telium-bearing leaves obtained 
from 2 host species, Bibes nigrum L. and B, cynoshati (L.) Mill. The pur- 
pose of this work was to determine whether pine could be inoculated suc- 
ceasfiilly in the field. This paper reports the successful production of 
infection in pine, growing naturally, and suggests a possible difference in 
virulence of the sporidia from the 2 Eibes host plants. 

The methods used were essentially the same as those reported by Snell 
and Gravatt.^ Telium-bearing leaves of approximately the .same age were 

1 Paper No. 1086 of the Journal Series of the Minnesota Agricultural Experiment 
Station. 

2Snell, W. H., and Annie Rathbun-Gravatt. Inoculation of Pimis sirohus trees 
with sporidia of Cronartium ribicola. Phytopath. 15: 584-590. 1925. 
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carefully selected from bushes of Bihes nigrum and B. cynoshati growing in 
Duluth, Minnesota, and were kept in an ice box for 24 hours before use. 
The leaves w^ere cut into small pieces and placed in Petri-dish moist cham- 
bers for a period of 8 hours to induce germination of the teliospores. An 
examination of material from both Ribes species showed abundant telio- 
spore germination within that period. Pines, ranging in age from 3 to 7 
years and growing under natural conditions in areas near Afton and Rush 
Lake, Minnesota, from which the Ribes had been eradicated a number of 
years before, were selected for inoculation. Although native Ribes had 
returned to these areas to some extent, no natural infection was found on 
either host in the region of the inoculation studies. The plants \vere 
thoroughly sprayed with water before and after the inoculum was applied. 
Approximately the same number of branches were inoculated at the 2 
areas, inoculation being accomplished by fastening pieces of teliimi-bearing 
Ribes leaves to clusters of pine needles by wire hairpins. No effort was 
made to insure equal chances of infection of the pine on the 2 areas through 
using the same quantities of sporidia as inoculum, other than that of ap- 
plying approximately the same number of leaf pieces of uniform size to 
each plant. The modified ‘^iceless-refrigerator^’ method adopted by Snell 
and Gravatt for use in covering the plants was not employed in this study. 
Instead, wet sphagnum moss was heaped around the base of each pine and 
the entire plant covered by a large can, 18 in. high, over and around which 
wet burlap sacks and moss w^ere placed. This type of refrigeration proved 
very effective in maintaining the necessary high humidity and relatively 
low constant temperatures around the plant during the incubation period. 
Droplets of water still remained on the needles 48 hours after inoculation, 
when the cans were removed. Maximum and minimum thermometers kept 
inside the moist chambers during incubation showed temperatures of 76 and 
57° F., respectively. 

The first examination of the pines was not made until November, 1929, 
2 years and 3 months after inoculation. The results of this inspection are 
given in table 1. 


TABLE 1 . — MestiXts of inoculating small Fimis strohus trees m sit it with sporidia 

of Cronartium rihicola 


Test 

Age of 

Source 
of in- 
oculum 

Inoculated 

trees , ^ 

Uninoculated 

trees 

location 

trees 

Num- 

ber 

Number 

infected 

Branches 

infected 

Num- 

ber 

Number 

infected 

Bush Lake, 
Minn. 

3-7 yr. 

Bihes 

nigrum 

9 

8 

23 

2 

0 

Afton, Minn. 

5-7 yr. 

Biles 

cynoshati 

9 

1 

1 

■ 2 ■■ 

' ^ ■ 
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All trees classified as infected had one or several of the definite external 
symptoms of infeetionj such as swelling and discoloring of the stem, killing 
of the twigs and branches, and, in some cases, perceptible stunting of 
growth. The unavoidably long interval betw^een inoculation of the pine 
and first examination precluded any determination of whether or not such 
early evidences of infection as yellow spots in the needles appeared. No 
pycnia or aecia had been produced on any of the plants. York et aU found 
in their field studies that only a small percentage of the infections had pro- 
duced pycnia or aecia 3 years after inoculation. 

Of the 9 trees inoculated with sporidia from Bihes nigrum at Push Lake, 
Minnesota, 8, or 89 per cent, of them showed definite symptoms of infec- 
tion. On 2 of the diseased plants only single branch infections occurred, 
but in the others cankers had developed on from 3 to all of the branches of 
the tree. At Afton, where the source of inoculum was B, cynoshati instead 
of B. nigrum, only 1 of the 9 inoculated trees became infected. All non- 
inoculated plants, which had been kept under moist chambers and were 
intended to serve as controls, remained free from infection. 

In examining the results of these field inoculations, the question arises 
as to an explanation for the pronounced difference in the amount of infec- 
tion obtained in the 2 localities. Conditions subsequent to inoculations 
were more favorable for infection of the pines at Kush Lake than at Afton. 
Since little effort was made to insure equal chances of infection by using 
the same quantities of sporidia, there existed a possible difference in the 
amount of inoculum provided. Although either or both of these variables, 
weather and the amount of inoculum, might explain the difference in re- 
sults, it seems reasonable to suggest that differences in the virulence of the 
sporidia of the 2 Kibes hosts might have been involved. York et al. report 
some evidence of a relation between the source of inoculum and the amount 
of infection produced but are doubtful whether such results indicate a dif- 
ference in virulence or merely in number of the sporidia. They suggest 
that, if the amount of inoculum on the different Kibes species used in their 
study was the same, bushes of all species \vould be equally dangerous to 
near-by pines. "While the differences here reported might be ascribed 
wholly to some similar cause, it appears that the problem of possible varia- 
tions in the potency of sporidia from different sources would be worthy of 
careful investigation. — ^Kalph M. Lindgben and A. Dale Chapman, Uni- 
versity Farm, St, Paul, Minnesota. 

3 York, H. H., W. H. Snell, and Annie Bathbun-Gravatt. The results of inoculating 
Finm strohiis with the sporidia of Cronartium rihicola. Jour. Agr. Ees. 34; 497-510. 
1927. 
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A Disease of Colorado Fir. — the spring of 1931, a disease attacking 
the new growth of a number of Colorado firs, Ahies concolor, was conspicn- 
ons in a planting of about 500 trees in eastern Massachusetts. Prom a dis- 
tance the trees appeared as though injured by late frosts. The needles of 
the new growth were affected before they reached maturity. They became 
reddish and shriveled, then dark brown or black. A considerable number 
of the dried needles clung to the twigs for some time, but by midsummer 
a second growth of stunted or malformed needles had taken the place of 
some of the infected ones. In a number of cases, the twigs bearing the 
shriveled needles were blackened, stunted, and slightly twisted or curved. 
On srich twigs a second growth of needles was not produced. Although 
needles on all parts of the trees were infected, the new growth on the lower 
branches appeared to be most severely injured. The diseased needles 
showed an abundance of fruiting bodies protruding from both surfaces, but 
no spores were present. 

In March, 1932, it was found that a number of the brown needles had 
overwintered on the twigs and that fruiting bodies were visible. An ex- 
amination of this material showed excellent mature perithecia and spores. 
In the late spring the affected trees had developed new growth from the 
noninfected portions and from those twigs that were not seriously injured 
in 1931. The new growth, however, soon began to show^ yellow infection 
spots or entirely yellowed leaves. Infection seemed to occur particularly 
on the new leaves that w^ere in contact with or in close proximity to the 
perithecia-bearing leaves of last year’s growth. 

Causal organism. The fungus on the overwintered leaves corresponds 
with the description of Behmiellopsis bohemica Bub. and Kab., reported as 
causing serious injury to silver fir, Abies pectinata, by Bubak in Bohemia^ 
and by Wilson and MacDonald in Scotland.^ Wilson stated that, because 
of the disease, the planting of silver fir in Scotland had been discontinued 
to a large extent. He reported the disease also on A. nobilis, A. Pimapo, 
A. cephalonica, and A. Pindrow. Boyee,^ in a report of his observations of 
the disease in Scotland, in 1925, called attention to the fact that the only 
American species attacked was noble fir, A. nobilis. 

The perithecia are single, globose, slightly conical at the upper part, and 
opening irregularly by the rupture of a mass of cells in the conical portion. 
The asci, which extrude in fascicles, are large, about 69 x 17 p, elavate, with 

1 Bubak, E. Zwei ueue, Tanneniiadeln bewohneiide Pilze. Naturw. Ztselir. Forst- u. 
Landw. 8: 313-320. 1010. 

2 Wilson, M., and J, MacDonald. A new disease of the silver firs in Scotland. 
Trans. Boy. Scot. Arbor Soe. 38: 114-118. 1924. 

3 Boyce, J. S, Observations on forest pathology in Great Britain and Denmark. 
Phytopath. 17: 1-18. 1927. 
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tliick wal]^, and a short stalk. The spores measure about 24 x 7 p, are bi- 
cellular, 10 or more in an asciis, irregularly arranged, hyaline, rounded at 
the upper end and acute at the lower ; the upper cell is broader than the 
lower. Paraphyses absent. No pycnidial stage has been definitely iden- 
tified in the material collected. Bubak and Wilson report a pycnidial 
form, produced soon after infection, which they name Phoma hohemica. 
A corresponding fungus has not yet been obtained from either specimens 
or cultures. 

Sections through the blackened twigs bearing diseased needles collected 
in the spring show mycelium in abundance in the leaf cushions. The 
hyphae gradually advance inward between the cells of the twig, being pre- 
ceded by a brownish discoloration of the cell w^'alls, a pronounced thickening 
of the w^alls and distortion of the cells, and an abnormal production of resin. 

So far as known, this is the first report of the occurrence of Rehmiellopsis 
’bohenvica in the United States and also the first report of Abies comolor 
as a host. A similar disease has been found by the junior writer on A. con- 
color in Maine, and specimens of the disease on an unidentified species of 
fir were received from a correspondent in New York. 

Bubak found that the young growth injured by spring frosts was most 
susceptible to infection. Observations in the spring of 1932 showed par- 
ticularly that the Colorado firs had not been injured by frosts but were 
severely infected. — Alma M. Waterman and Malcolm A. McKenzie, 
Division of Forest Pathology, Bureau of Plant Industry, in cooperation 
with Department of Botany, Brown University. 

Disease Resistance in Allitm fishclosnm L. — The onion variety Winter- 
hecke, which Anderson^ ^ found to be highly resistant to Urocystis cepnlae 
Frost, has been identified by L. H. Bailey as Allium fisiulosum L., a species 
reported by Zillig® and Anderson^ as rather highly susceptible to smut. 
The Winterhecke is synonymous with the White Welsh (Ciboule blanche 
hative or Ciboule d^hiver) and very similar to the varieties Natsu-negi 
Nebuka, Senju-negi Nebuka, Tokyo Nebuka, and Iwatsuki, all of which be- 
long to the same species and are highly smut-resistant. Although, under 
favorable conditions, smut infection in these varieties frequently averaged 
10 to 20 per cent in the cotyledonous stage, it always fell to or less per 
cent in later counts. 

1 Anderson, P. J". Susceptibility of species of Allium to onion smut. (Abst.) 
Phytopath. 14: 26. 1924. 

2 Anderson, P. J. Comparative susceptibility of varieties of onions and species of 
Allium to Urocystis cepulae. Jour. Agr. Res. 31: 275-286. 1925. 

3 Zilligy H. Unsere lieutigen Kenntnisse vom Zwiebelbrand (Tuburcinia [Urocystis] 
cepulae [Frost] Liro) und seiner Bekampfung. C'entbl. Bakt. II, GO: 50-58. 1923. 
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Another strain of Allium fistulosum, received under the name A. Moly 
and characterized by the production of only 2 to 3 leaves, growing at angles 
of about 45 to 70°, proved more susceptible to smut (45 per cent), thus 
supporting Anderson's finding that varying degrees of smut resistance ex- 
in A. fistulosum. 

The ’Winterhecke, White Welsh, and Nebuka strains possessed a much 
more vigorous root system and notably less pink root, caused by Phoma ter- 
restris Hansen, than nongreen varieties, approaching maturity. The first 
also showed a seeming degree of resistance to mildew, Peronospora> schlei- 
deni Unger, in that infections were confined to relatively small local areas 
and did not spread readily over the entire leaf surface. 

Allium fishdosum is a green, hardy, bulbless onion with much variation 
in color of stem, being either red, yellow, or white, or all three. It is dis- 
tinguished from A. cepa L. by the absence of lobes or teeth at the bases of 
the 3 interior filaments. — ^E. L. Felix, A. A. Grinnell Co., Inc., and Por- 
ter & Bonney Farms Laboratory, Elba, N. Y. 











PHYTOPATHOLOGY 

VOLUME 23 NUMBEE 2 

PEBBUAEY, 1933 

ARTHUR JACZEWSKI 
1863-1932 
L. E. J ONES 1 

Professor Arthur Jaezewsld, eminent Russian mycologist and plant 
pathologist, completed his labors and was laid to rest February 12, 1932. 
For over 40 years Jaczewski had been a tireless contributor to Eurasian 
mycology and for 3 decades the recognized leader and teacher in Russian 
phytopathology. His earlier efforts culminated in the reconstruction period 
following the World War. He then reorganized and was the director of the 
laboratory for mycological and phytopathological researches in Leningrad, 
which later became one of the present group of national institutes, ^Hnstitut 
Mycologique et Phytopatholpgique de Jaczewski.’^ This now continues as 
the central institute in this field for all U. S. S. R. Following his death 
his institutional coworkers prepared a memorial statement the substance 
of which has been incorporated in the present article. 

Arthur Jaczewski was born November 3, 1863, at the family country 
seat,^ ‘^Rylkowa,'’Tn the former Russian province, Smolensk, -westward of 
Moscow. Much of his youth was there passed with his parents in quiet rural 
surroundings. There he enjoyed the natural incidents of such country life, 
happy walks in field or forest, along with riding and hunting. Thus he 

1 The nominal writer of this sketch wishes to acknowledge the cooperation of several 
of Professor Jaczewski ’s American friends. C. L. Shear helped especially concerning 
Jaczewski ^s mycological work. Aid also has come from H. L. Bolle}", H. S. Fawcett, 
and J. Gr. Dickson, who, in 1903, 1923, and 1930, respectively, like the WTiter, in 1930, 
had the privilege of visiting the Eussian laboratories or experimental fields. Michael 
Shapovalov, also, furnished certain helpful data on Eussian conditions and scientific 
literature. We are, however, above all, indebted to his widow, Madame Catherine 
Jaczewski, who mth their one son, Peter, survives him. To them is owing a transla- 
tion of the memorial prepared by the coworkers of the Jaczewski Institute. The son, 
Peter, received his later technical training in this Institute, of which he continues a 
staff member. He was closely associated with his father ^s later researches and writings. 

2 As visited by Bolley in 1903, this was still a great princely estate of the old 
Eussian type, for the family of Arthur de Jaczewski, as the name was then -written, 
were of the old Eussian nobility. But his scientific training had strengthened his nat- 
ural democratic character. He already dreamed of a future republic. Ho "was con- 
tributing as he might in personal relations to the kindly uplift of the peasantry of the 
family estate and through his scientific efforts to the general betterment of rural con- 
ditions especially by the applications of modern methods of agricultural science. 
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early learned to love and study nature in all her forms, especially flowers 
and trees. The foundations were securely laid there for his later life work. 
As a boy he began systematic study of the native plants and started an her- 
barium. Quite as influential, perhaps, in the later trends was the familiar- 
ity then acquired with the crop plants of the great fields, the orchards, and 
gardens of Eylkowa. As was common in such early Eussian families, French 
was the familiar home language. It was the more natural, therefore, that 
he spent much time in early life in France and Switzerland. Here as a 
youth he made long Alpine excursions, observing the plants closely. These 
prepared the way for his later intensive botanizing with Swiss mycologists. 
His interest thus became so keen, as Madame Jaczewski tells us, that ^^in the 
year 1892 he founded at the Eochers de Nage, above Montreux, the Jardin 
Alpin Eambertia.’’ 

His advanced studies were at the University of Berne, Switzerland. The 
epochal work of Woronin had naturally directed the attention of all Eussian 
scientists to the fascinating and economically important problems of my- 
cology. It was, however, the inspiring leadership of his Berne professor, 
Eduard Fischer, that contributed to young Jaczew^ski^s early scientific ad- 
vancement in special studies upon the fungi. His esteem for his early mas- 
ter continued to influence all his later work. In this association he began 
his mycological publications in Switzerland in 1889, and in 1890 his ‘^Ery- 
siphaceae de la Suisse^’ appeared. Although specializing for some years in 
his researches upon the mycological flora of Switzerland, he also attended 
special lectures at the Sorbonne and the Universities of Lausanne and Mont- 
pellier. He soon visited Italy and made an excursion into Algeria upon the 
mycology of which he published in 1893. In this year, also, appeared the 
first of his long series of papers upon Eussian mycology, naturally beginning 
with his home province, in a catalogue of fungi of the ^ ‘ Gouvernement de 
Smolensk.^’ In his early studies he became especially interested in the 
Pyrenomycetes and made a thorough study of the species occurring in 
Switzerland. He published in 1894-95 upon a number of different families 
of this group, including the Xylariaceae, Capnodiaceae, and Massariaceae, 
along with a more general essay on the natural classification of the 
Pyrenomycetes. 

In 1895, in association with Professor Tranzschel, he began the distribu- 
tion of Fungi Eossiae Exsiccati.’’ Seven fascicles of this, 350 numbers, 
were issued. In 1896 Jaczewski transferred his more intensive work to the 
Botanical Garden of St. Petersburg, there initiating a laboratory of mycol- 
ogy and plant pathology. With him he brought an excellent personal 
library and herbarium. His permanent return to Eussia at the end of 
the last century marks the natural broadening of Jaczewski ^s interests 
concerning the bearings of mycological science upon Eussian agriculture. 
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He had, during the summers on the Smolensk family estate, eontinued in 
intimate personal contact with rural life and agricultural iDrohlems, He 
held liberal political views and was of an eager progressive temperament 
socially as well as scientifically. It was, therefore, the natural thing that, 
about 1900, he recognized the great opportunity and need for organized 
development of plant pathology in Eussia. He found the National Ministry 
of Agriculture sympathetic, and, in 1901, there was officially founded under 
this Ministry ‘‘The Central Laboratory of Plant Pathology. Of this, 
Jaczewski was the scientific organizer and official chief. It was located 
in the Jar din Botanique, which; at the outset, afforded helpful library and 
laboratory space and other facilities. 

Prom the first he was interested in three types of service in which this 
laboratory might meet the needs of all Eussia. His first purpose was the 
continuation of his work upon the mycologieal survey of Asiatic, as well as 
European, Eussia. Eeference has already been made to the nature and 

3 For the details of these early developments of the Central Laboratory^’ -we are 
indebted chiefly to J aezewski ’s own account : La laboratoire central de pathologie 
vegetale du Ministere de rAgriculture h St. Petersbourg. Bui. Soe. Mycol. France 19: 
324-329. 1903. 

For a more comprehensive review of the early developments in this field, the writer 
has relied upon the cooperation of Michael Shapovalov, of the Rubidoux Laboratory, 
California. Shapovalov bases the following summary upon an 18-page pamphlet (in 
Russian) by Jaczewski: St. Petersburg, 1911, entitled (transl.) ^^A sketch of the status 
and development of phytopathology in Russia. > ’ 

This cites the few isolated Russian papers that antedated the organized develop- 
ments. These included those of Woronin (1868 and later), S. M. Rozanov (1871), and 
the Phylloxera control committees (1880). In 1894 under the Ministry of Agriculture 
was organized a Bureau of Applied Botany. Under this, among other activities, "was 
included some regional mycologieal surveys by Sorokin, Varlieh, Dekkenbach, and 
Jaczewski. This decade saw notable increase in Russian publications relating to my- 
cology and phytopathology. He cites these as follows: N. Pal’chevski (1891), Sorokin 
(1892), 1. P. Borodin (1897), G. Yarlich (1897-8), S. Rostovsev (1899), Dekkenbach 
(1899—1900), IST. Speshnev (1900), Jaczewski (1897-99). The founding of the Cen- 
tral Laboratory” came in 1901, with increased and varied activities as noted above. 
Jaczewski was at first director but resigned in 1905, being succeeded by A. A. Elenkin. 
In 1907 a new Bureau of Mycology and Phytopathology” was formed under the 
Ministry of Agriculture of which Jaczewski was the director, with G. N. Dorogin and 
E. A. D ’iakonova as associates. Especial attention was given to building up the library 
and herbarium that by 1911 was stated to rank with the best in Europe. 

Shapovalov adds that this Bureau eontinued until the Revolution. Then, in 1917, it 
became the Division of Mycology and Plant Pathology. 

Madame Jaczewski advises in correspondence that, in 1909, Professor Jaczewski 
made a gift of his personal library and herbarium to the bureau of which he was di- 
rector. However, during the vicissitudes of the succeeding 2 decades of his life lie con- 
tinued to care for and enrich these from his private funds as supplementing public 
support, and these now constitute the basis of the valuable collections of the Jaczewski 
Institute, Leningrad. 
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importance of his continued contributions to this. The second aimed to 
combine especial attention to the parasitic fungi of the Russian economic 
plants and the related phytopathological problems, including control mea- 
sures. His third concern was for educational work with the agricultural 
public in general, but, especially in later years, the encouragement and 
training of the younger Russian phytopathologists. To these purposes he 
faithfully devoted his time and means for the remaining 30 years of his 
life. His fidelity to his scientific ideals, regardless of the endless distrac- 
tions and terrific strains of the wars and revolutions, is an example not to 
be forgotten. The size of the tasks he outlined is suggested when one 
recalls that, in area, the Russian territory includes 1/6 of the earth’s 
surface and in diversity her efforts at plant culture extend from the Arctic 
Circle to the Caucasus and from the shores of the Baltic and Black Seas 
across Siberia to those of the Pacific. Yet, with tireless energy and firm 
grasp of detail he grappled with these duties. In 1903 Professor Bolley 
found him directing plant-pathological work in various regional experiment 
stations, and this was continuing with an able staff of associates at the 
time of the writer’s visit in 1930. Rarely has like need found fitter scien- 
tific leadership in public service. In 1907 the earlier movement culminated, 
again under his direction, in the organization of the Bureau of Mycology 
and Phytopathology. The detailed changes in organization and personnel 
are shown in the preceding footnote. In this bureau were combined both 
research and advisory services manned by an adequate staff. Lectures in 
phytopathology, also, were given by Professor Jaczewski and his associates 
in the Institutes of Forestry and of Agronomy. These developments neces- 
sarily took much of his time and energy. Nevertheless, he continued with 
dauntless zeal his earlier lines of personal mycological work. While main- 
taining and enlarging the St. Petersburg herbarium and library, he also 
continued to work much during the summer at Rylkowa. Here were his 
simpler private laboratory and collections. In some respects his official 
relations enabled him, indeed, to enlarge and broaden, as well as intensify, 
his mycological undertakings. Immediately upon the establishment of the 
^‘Central Laboratory” in 1901 he began the preparation of a monographic 
treatment, 2 volumes of which were published, upon the mycological flora 
of European and Asiatic Russia. In 1913-17 he prepared and published 
in Russian 2 volumes on the determination of the fungi, containing keys 
and illustrations of genera and descriptions of the species. To the revision 
and enlargement of this he devoted time throughout the remaining years of 
his life. Two months before his death appeared the first part of the third 
edition of this work, covering the Phycomycetes. Besides such more in- 
clusive works, he published many special articles on fungi and was very 
deeply interested in the problems of phylogeny. His latest paper on this 
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subject was publisbed in Pbytopatbologisehe Zeitscbrift in 1929. Professor 
Jaczewski was a man of unusual powers of memory and bad a wide and 
thorougb. acquaintance witk nearly all groups of tbe fungi. He held con- 
servative ideas concerning genera and species and bis leadership bas laid 
sound foundations for future developments of mycology in Eussia. 

Meanwhile numerous publications, including manuals, appeared treat- 
ing directly of pbytopatbology especially as applied to tbe special crops 
and conditions in Eussia, From tbe outset of bis personal leadership in 
Eussian plant pathology to his very last days be strove ceaselessly to serve 
bis country through science and to inspire bis numerous pupils to do like- 
wise.^ It is unnecessary to dwell upon tbe bardsbips that be, like many 
of tbe Eussian contemporaries, experienced during and after tbe Eevolution. 
Perhaps the solace of determined work helped to sustain. At first financial 
support from the Government was lacking, and, of course, bis private re- 
sources were gone. As tbe new programs took form be struggled to con- 
tinue as be might bis precious research laboratory in Leningrad. He led in 
1920 in founding tbe Mycological Society of Eussia. He was one of tbe 
initiators soon after tbe Eevolution of a High School of Pbytopatbology 
and Applied Zoology, where be lectured. In 1921 be received the support 
of the new government in a journey of 5 months to the United States. He 
visited the various pbytopathological centers in "Washington and the several 
States, making warm friendships and gaining inspiration and information 
for tbe development of his later pbytopathological projects. Probably there 
was no happier period in tbe last decade of bis life. During this visit to 
the United States he became a patron of the American Pbytopathological 
Society. When Fawcett visited him in 1923 he reports him stimulated by 
the memory of his visit to this country, working personally with charac- 
teristic energy and enthusiasm in spite of lack of adequate means or assis- 
tance. As the new government gained momentum these were increasingly 
granted. In 1927 his scientific friends and associates honored him on the 
35th jubilee of bis scientific career. In recognition of bis services tbe 
Government of the U. S. S. E. then applied bis name to the mycological 

4 Concerning Jaczewski ’s national service we are permitted to quote from a per- 
sonal letter recently received by tbe writer from Dr. N. I. Vavilov, President of tbe 
Academy of Agricultural Sciences, U. S. S. R., of wbicb the Jaczewski Institute is a 
part: 

Until Dr. Jaczewski ^s last days he was working, dictating his book, ^Phytopa- 
thology.’ The last day before his death he sent me a letter, as President of the Acad- 
emy, outlining a new scheme for Phytopathologieal Scientihe Service. It is difficult, in- 
deed to appreciate fully the greatness of Ms work. He was the founder of the Phyto- 
pathological Service and the teacher of all the phytopathologists of our country. I was 
myself his pupil. It was in his Institute that I did my work on immunity of plants 
to infectious diseases. ” 
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laboratory and later elevated it in rank to a national '^Institute.’’ When 
the writer visited this Institnt Jaezewski in 1930 he found it well housed 
in the former palace of the Greek Embassy, library and herbarium in excel- 
lent condition, laboratories filled with varied activities, and the center of 
nation-wide research and educational influence. There was a staff, includ- 
ing some at other stations, of perhaps 70 trained workers and an annual 
budget of some 400,000 rubles. It was evident, however, that he was even 
then reaching the limit of his bodily endurance, although not of his un- 
yielding will to work. 

Thus ended his fruitful career. Dominated to the last by worthy ideals 
of service through science, giving all he had in zealous pursuit of these, 
undaunted, undistraught, let happen what might. And, withal, as his 
intimate associates and family knew him, ever the same courteous, con- 
siderate gentlemen ; pure-minded, open-hearted, honest seeker of right and 
truth, interested in art, music, and all good things; ^'kind and amiable to 
everyone,’’ respected, admired, and loved by friends, associates and 
pupils.” The many friends made during his American journeys join in 
these tributes from his coworkers. 


PATHOGENICITY AND ENVIRONAL STUDIES ON 
VERTICILLIUM HADROMYOOSIS 

W. Y. Lxjdbrooki 
(Accepted for publication May 2, 1932) 

INTRODUCTION 

The literature on Verticillium hadromycosis is very extensive and scat- 
tered. General surveys have been published by Van der Meer (16) in 
1925 and by Eudolph (14) in 1931. The latter paper is thought to include 
all references worthy of note up to the early part of 1929. ‘Wollen-weber 
(17) and Berkeley, Madden, and Willison (2) in papers published in 1929 
and 1931, respectively, give particular attention to the history of the 
taxonomic treatment of the vascular Verticillia in connection with reports 
of their own work on this aspect. As each phase of the writer ’s own work 
is taken up, a resume of previous work on that phase will be given. 

CAUSAL ORGANISMS 

History of Taxonomic Treatment 

Eeinke and Berthold (13) were the first to isolate, describe, and name 
the causal organism of Verticillium hadromycosis. They apparently did 
not realize the possibility of taxonomic confusion arising from the variabil- 
ity of the pathogen. Their diagnosis of the species Y. alio-atrum E. and B. 
undoubtedly includes the type forming dark hyphae but leaves some room 
for doubt as to whether it was intended to include also the type forming 
microsclerotia. Klebahn (12) isolated a vascular Verticillium forming 
microsclerotia, which he considered to differ from Eeinke and Berthold ’s 
description of V. albo-atrum enough to warrant the establishment of a new 
species, V, dahliae Klebahn. This included vascular Verticillia forming 
microsclerotia, the older designation being reserved for types forming dark 
hyphae and not microsclerotia. Van der Meer (16), Dufrenoy (8), and 
Berkeley, Madden, and Willison (2) uphold this viewpoint, pointing out 
that the difference in morphology may be accompanied by a difference in 

1 The writer wishes thankfully to ackno'wledge Ms indebtedness to the following : 
(1) Dr. J. C. Walker, for suggesting the problem and for his advice and encouragement 
throughout the investigation; (2) other members of the Department of Plant Pathology, 
University of Wisconsin, for assistance in various ways; (3) the many workers who sent 
cultures of VerticUlium spp. on request; (4) the University of Wisconsin, for granting 
the writer an honorary fellowship in plant pathology during the investigation, which was 
carried on at this institution; (5) the Council for Scientific and Industrial Eesearch of 
the Australian Government, wdiose award of a research studentship to the writer made 
the investigation possible. 
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pathogenicity. Carpenter (6), 'Wollenweber (17), and Rudolph (14) con- 
sider that Reinke and Berthold^s description was meant to include both 
types, which together with several other species of vascular Yerticillia 
should probably be regarded as varieties or forms of V. aldo-atrum R. and 
B. The papers of Rudolph (14), 'Wollenweber (17), and Berkeley, Mad- 
den, and Willison (2) may be consulted for more complete revie'ws of the 
literature on the question of taxonomy. 

Whilst the writer has not studied the question of the validity of species 
of vascular Yerticillia other than Verticillium alho-atrum and V, daliliae, 
he has no hesitation in supporting the views of IQebahn, Yan der Meer, and 
Berkeley, Madden, and Willison on the; desirability of treating these two 
as separate species. It was found that 45 out of 46 cultures, collected from 
widely different hosts and localities, could be readily and definitely classed 
under one or the other of the two species as defined by Klebahn. The re- 
maining culture did not form any dark mycelium^ whilst under the writer ■ s 
observation and, therefore, could not be assigned to either of these species. 

Glassification of Pure Cultures Studied 

The cultures of vascular Yerticillia studied in the present investigation 
are listed in table 1. The collection comprises 46 cultures, coming’ from 13 
States of the United States, 4 European countries, and 4 States of Aus- 
tralia. They were isolated from 20 different host species belonging to 17 
genera. The cultures forming dark mycelium have been classified accord- 
ing to the views of Klebahn and Yan der Meer, i.e., all those forming 
definite microsclerotia have been placed in the species Verticillium daliliae 
Klebahn, and all those forming dark hyphae without microsclerotia have 
been classified as V: alho-at rum R. and B. Figure 1 illustrates the micro- 
scopic appearance of dark mycelium from a typical culture of V. daliliae 
and 2 types of Y. alho-atrum. The one culture that formed no dark 
mycelium (No. 5 in Table 1) at first formed no verticillate conidiophores, 
though it formed conidia fairly readily on thin unbranched or irregularly 
branched conidiophores. It was not until near the end of the investigation 
that a few verticillate conidiophores were found in a portion of an agar 
plate culture that had been macerated with a scalpel. As the WTiter was 
not until then satisfied that it w^as a Yerticillium, it was not given special 
attention. Its peculiarities were not altered by three consecutive plant 
passages. The symptoms produced in egg-plant were similar to those 
caused by 7. dahliae or V. alb o-at rum. Berkeley has used the term 
album group’’ to distinguish vascular Yerticillia forming no dark 
mycelium. In a recent letter to the writer he states that many cultures 

2 Yhe teroi myeolium ^^ is used here to include both inierosclerQtia and dark 

hyphae not forming microsclerotia. 
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TABLE l.~—List of pure cultures of VerticilUum spp. studied j classified according to 

species and host 


No. 

Host 1 

Locality 

No. 

Host 1 

Locality 

V. aVbo-airum 1 


F. dahliae cont’d. 1 


12 

Tomato 

Oregon 

2 

Cotton 

Illinois 

27 

i c 

England^ 

13 

(C 

Tennessee 

35 

t i 

Wisconsin j 

45 

( c 

Queensland 

14 

Potato 

England 

46 

C ( 

{ ( 

17 

( c 

United States I 

18 

African daisy 

Iowa 

31 

( c 

Maine 1 

40 

Aster 

Germany 

38 

Hop 

England 

41 

( t 

( i 

39 

Cucumber 

Ohio 

21 

Chrysanthemum 

Washington 




22 

u 

England 

“ alburn^ ^ type 

1 

4 

Dahlia 

Illinois 

5 

Black raspberry 

Oregon 

3 

Lupin 

c c 




15 

Snapdragon 

United States 

F. dahliae 


11 

Apricot 

California 

1 

Eggplant 

Wisconsin (Racine) 

42 

( ( 

Victoria 

20 

a 

^ ^ (Madison) 

29 

Aralia 

New York 

24 

( i 

‘ ^ (Racine) 

32 

Barberry 

( i 

25 

C ( 

( ( 

30 

Daphne 

Europe 

34 

C ( 

Pennsylvania 

16 

Elm 

United States 

7 

Tomato 

Ohio (Toledo) 

28 

(t 

Delaware 

8 

I 

(Cleveland) 

33 

a 

New York 

9 

! ( ( 

California 

23 

Maple 

Rhode Island 

26 

{ ( 

Guernsey, 0. I. 

10 

Raspberry 

California 

43 

( i 

South Australia 

37 

({ 

England 

44 

( { 

( ( 

6 

Sumac 

Illinois 

19 

Potato 

Wisconsin 

48 

Host unknown 

New South Wales 


a Dark kyphae longer and coarser, and darkened bases of conidiophores more con* 
spieuons than in the other cultures of F. alho-atrum. (Big. 1, C.) 


thus classified by him have subsequently formed dark mycelium under 
special cultural conditions, e.g., when grown on potato plugs. Possibly on 
further study culture No. 5 could be referred to Y. dahliae or Y. albo- 
atrum, but for the purposes of this paper it will be tentatively designated 
“ album type.” 

A given isolation of the fungus often varied as to the rapidity and pro- 
fusion with which dark hyphae or microsclerotia were formed under vary- 
ing conditions of growth and length of time in artificial culture. This has 
been the usual experience of workers with this group of fungi. The 
writer’s classification into species is based finally upon observations of 
cultures on potato-dextrose-agar slants, which had been kept at about 12°^ 
without transfer for 12 months. The agar in these cultures had dried 

3 All temperatures are in degrees Centigrade. 
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Pig. 1. A. Verticillmm dahliae, showing typical niicrosclerotia with attached chains of 
chlamydospore-like cells. B. F. alho-atnim, showing typical dark hyphae. C. F. aWo- 
atmm, culture No. 27 (see Table 1, footnote a). All unstained. x60. 


down to a tenth or less of its original bulk, but the cultures were all readily 
viable, as was proved by transfer. Several younger transfers were also 
observed in each case. No difficulty was experienced in making a sharp 
distinction between the two species in any of the cultures dealt with, except 
No. 5. When agar slants were inoculated with a spore suspension obtained 
by mixing suspensions from single-spore cultures of No. 25 (Verticillmm 
dahliae) and No. 35 (V, albo-atrum) each species produced its character- 
istic dark mycelium in the resultant mixed growth. It is therefore thought 
that if any of the cultures had contained both types, this fact would have 
been evident on microscopic examination. In no case were both types 
found by mieroscopic examination in the same culture, though single-spore 
isolations were made in only a few instances. 

At least 12 of the cultures (8 of Yertieillium dahliae and 4 of V. albo- 
atrum) produced no dark mycelium until the transfers were several weeks 
old. Such cultures grown on prune-agar plates at 22'' had not produced 
dark mycelium at the end of 3 weeks, while others produced it in 1 week 
or less. Cultures 1, 3, 13, and 20, under the same conditions, produced 
dark mycelium only in small sectors of the colonies. Since these cultures 
were not from single-spore isolations, the sectors may have been due to a 
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mixture of races. The white portions of these colonies later produced dark 
mycelium. The cultural variability of these 2 species, and more par- 
ticularly of Y. dahliae, is such as to suggest the possibility of hyphal fusions 
between different races being responsible for the variations, as has been 
proposed by Brierley (5) for similar variability in other fungi. In a paper 
entitled '' The Mechanism of Variation in Imperfect Fungi; 

accepted for publication in Phytopathology (1932) Hansen and 
Smith mention V. alho-atnim as one of several fungi in the case of which 
they have evidence indicating that variation may be due to ''nuclear as- 
sortment’' resulting from hyphal fusions. Thus each multinucleate 
conidium may give rise to more than one genotype. 

In spite of these variations, no culture producing microsclerotia was ever 
observed to produce dark hyphae (except short, rounded or irregular cells 
closely associated with the microsclerotia) nor was any culture producing 
typical dark hyphae ever observed to form microsclerotia. It was, there- 
fore, considered expedient for the purposes of this paper to classify the 
collection of cultures into the two simple species Yerticillium dahliae 
Edebahn and V. albo-atrum R. and B., with the exception of No. 5, tenta- 
tively designated album type.” The desirability of treating V. dahliae 
and Y. albo-atrum as distinct species is affirmed by some authors and ques- 
tioned by others, as previously mentioned. In the hope of throwing further 
light upon this problem, the writer obtained as representative a collection 
of cultures as possible in order to compare the pathogenicity and tempera- 
ture relations of (1) members of the two species as separate groups and 
(2) different isolations of the same species. 

Geographic Distribution of Species 

From table 1, Yerticillium dahliae is seen to include over 80 per cent 
of the cultures obtained. The numbers dealt with are, of course, much too 
small to warrant the drawing of definite conclusions with regard to the 
relative distribution of the 2 species, but it may be pointed out that all the 
cultures of Y. albo-atrum came from northern United States and England, 
where the summers are relatively cool, while none was obtained from the 
warmer regions in southern United States or Australia. Yerticillium 
dahliae, on the other hand, appeared to be widely distributed in both 
warmer and cooler regions. This agrees with the fi.ndings of previous 
workers and the writer, Y . dahliae has a higher maximum temperature 

than has Y. albo-atrum. 

Temperature Eelations of Yerticillium dahliae and 
Y. albo-atrum in Culture 

Bewley (4) stated that "the minimum, optimum, and maximum 
temperatures for growth in pure culture of the strains of Y. albo-atrum 
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Utilized for the inoculations were 4.4" C.;23.3" C., and 30" C. respectively/’ 
but he did not indicate whether the cultures used were of the 7. dahliae or 
7. allo-atrum type. It is evident from his description of his collection of 
cultures that both types were included by him under the simple designa- 
tion 7, albo-atrumy as was the ease with most of the earlier workers. 
Chaudhuri (7) gives 10", 22.5", and 27" as the minimum, optimum,, and 
maximum for the culture he used, which he describes simply as V, all) o- 
atrum. Edson and Shapovalov (9) and Wollenweber (17) have found 
the maximum temperature for certain cultures of vascular Verticillia, not 
producing microsclerotia, to be about 30" to 31°, while the maximum for 
cultures producing microsclerotia was distinctly higher, in some cases 35" 
to 36": The former workers used one culture of each type, and the latter 
2 aselerotial and 8 sclerotial types, all of which were classified by these 
authors as 7. albo-airim or varieties of the same. 

The results of most temperature studies by previous workers agree on 
the point that, in general, the optimum temperature for growth of vascular 
Verticillia in culture is in the region of 23°, though Potschke in a brief 
note gives 28" for a Verticillium causing hadromycosis in horse-radish. 
The maxima reported vary from 27" to 37". Where the type of fungus 
used is described, cultures of the 7. albo-airum generally appear to 
have produced little or no growth at 30", while those of the 7. dahliae 
type grew fairly well at 30" and in some cases at higher temperatures. The 
writer’s temperature studies in culture were, therefore, concerned chiefly 
with the upper end of the temperature range in order to determine whether 
or not the higher maximum were peculiar to the 7. dahliae group. 

Experimental Data 

Each culture was inoculated by mycelial transfer in 3 places on a potato- 
dextrose-agar plate and grown at 28". The diameter of each colony was 
measured at the end of the 3rd and the 10th days after inoculation. Thus, 
the average total increase in diameter over a period of 7 days was calculated 
for each culture. The values so obtained for the 8 cultures of Yerticilliwn 
albo-atrum averaged 5 mm. (maximum = 6, minimum = 4) ,* for the 37 cul- 
tures of 7. dahliae^ the average was 22 mm., the maximum 28, and the 
minimum 14. At 30", none of the 8 cultures of 7. aVbo-atrum made any 
appreciable growth. Twelve cultures of 7. dahliae were grown at 30" 
and gave average total increases of colony diameter ranging from 3 to 15 
mm. in 7 days at 30". The culture giving 15 mm. increase at 30" was 
grown at 22" and 28", 3 colonies at each temperature, in 2 separate experi- 
ments. The increase in colony diameter averaged 30 mm. at 22" and 32 
mm. at 28" on both occasions. Two typical cultures of each species grown 
at 22" gave inereases of colony diameter ranging between 24 and 29 
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mm. in 7 days. With regard to the reliability of increase in colony 
diameter as a measure of growth, Chandhnri (7) states that he found it 
reliable for any one culture grown at different temperatures under condi- 
tions identical in other respects. It probably does not give an accurate 
comparison of the growth rates of different cultures even under identical 
conditions. Therefore, the different amounts of increase in colony diameter 
of the different cultures of Y. daJiliae wdien grown at the same temperature 
do not necessarily indicate different amounts of actual growth, i.e.j produc- 
tion of fungal material. As regards the comparison of Y, dahliae with 7. 
alio-atrum at 28°, the difference in average increase of colony diameter is 
thought to be too great to admit of the possibility that it was not accom- 
panied by a difference in actual growth rate, although the difference may 
not have been so large as would appear from the measurements of colony 
diameter. Furthermore, as previously stated, there was relatively little 
diffex^ence between the rates of increase of colony diameter of representa- 
tives from each species at 22°. 

Thus, the wuuter ’s study of a collection of cultures more extensive than 
those used by previous workers shows that the upper limit for Yerticillmm 
alho-atrum lies bet^veen 28° and 30°, while Y. dahliae is generally charac- 
terized by a distinctly higher maximum temperature for growth in culture. 
A corresponding difference in the maximum temperatures for disease pro- 
duction will later be pointed out. The optimum temperature for Y. alio- 
ainm (in the broader sense) is usually stated in the literature as about 
23°, but 1 culture of Y. dahliae gave slightly more growth at 28° than at 
22°, indicating that in some cases the optimum range of temperature ex- 
tends higher than has hitherto been realized, except for the report of 
Potschke mentioned above. 

PATHOGENICITY STUDIES 

Eudolph (14) summarized the cross inoculations recorded as having 
given positive results up to 1928 in a table including Verticillium cultures 
from at least 25 different hosts. Bach of these cultures had been inoculated 
into one or more of 27 hosts other than that from which it was isolated. 
Negative results were obtained in many eases, but they cannot always be 
regarded as conclusive, due to the marked and imperfectly understood in- 
fluence of environment on the disease. It would seem that there is little 
or nothing approaching strict biologic specialization amongst the vascular 
Verticillia, but important differences in pathogenicity between 7. dahliae 
and 7. allo-atrtmi have been recorded. It has been shown by Van der 
Meer (16) and by Berkeley, Madden, and Willison (2) that cultures of 
V, all o-atrum are often much more pathogenic than those of 7. dahliae to 
certain hosts, particularly tomato, potato, and cucumber. The latter 
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authors produced definite disease in cucumber with each of 5 cultures of 
V. albo-atruMy but none of 32 cultures of V. dahliae produced any symp- 
toms on cucumber. Seedlings of Dahlia sp. were aifected by one culture 
only, a type culture of F. dahliae Kleb. Tomatoes were severely affected 
by all 5 cultures of F. oDho-atrum, while different cultures of F, dahliae 
varied from strong to very weak parasitism on this host. 

Susceptibility of Various Hosts to Verticillium Hadromycosis 

The following field experiments were conducted by the writer during 
1930, in which 15 plant species previously reported as susceptible to 
Verticillium hadromycosis were used. The aims were to compare the sus- 
ceptibility of different hosts to the disease and to see whether any evidence 
of biologic specialization could be found. No such evidence was found. 
The tomato and potato, which gave negative or doubtful results in these 
experiments, later proved much more susceptible in greenhouse experi- 
ments, so that all the negative results obtained in these field experiments 
are possibly due merely to conditions unfavorable for disease development. 
The results are therefore thought to be of value only as an indication of 
the relative susceptibility of the hosts used under the conditions of the 
experiment, which were as far as possible uniform, except for the 2 
methods of inoculation employed. The temperatures in the field were 
approximately as given in figure 8.^ Inoculations were performed during 
the first 2 weeks in June, except those on the potato, sets of •which were 
planted in inoculated soil during the 3rd week in May. Where external 
symptoms appeared, they became evident wdthin a month of inoculation. 
Inoculations of herbaceous plants were made by mixing 40 gm. of corn- 
meal-sand inoculum with the soil into which each seed or seedling was 
planted. Woody plants were inoculated by introducing spore suspension 
or mycelium into wounds on individual shoots. The wuunds were then 
covered with nurseryman’s tape. Aseptic conditions were not maintained, 
but controls were run and reisolations made from diseased plants from 
tissue at least 5 cm. from the point of inoculation. No sign of disease was 
ever observed in the controls except in 6 eggplants each of which was within 
3 ft. of plants heavily inoculated with corn-meal-sand inoculum. In most 
cases results are based on inoculations of 20 to 40 plants. Nine cultures 
of V, dahliae, isolated from 8 different hosts, and 1 culture each of F. albo- 
atrum md the ''album'’ type were used. Eggplants, peppers, potatoes, 
tomatoes, and cucumbers were inoculated with the majority of these cul- 
tures; the remainder of the hosts were all inoculated with a culture of F. 
dahliae from egg-plant. 

4 A full discussion of the data in this figure will be found under the heading, 
^'Environal Studies — Temperature Eelations in the Field. 
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Under tlie conditions of the experiment, the eggplant appeared to be 
the most snseeptihle of the hosts used; cotton, Antirrhinum, and okra were 
also severely affected by Yerticillnmi dahlias. Individual shoots of garden 
rose suffered rapid withering of all the leaves above the point of wound 
inoculation with V. dahliae; milder symptoms (slow discoloration and with- 
ering of the leaves just above the wound) were produced by Y. dahliae in 
shoots of wild sumac {Bhus typhina), wild blackberry and wild raspberry. 
Noninoculated wounds in control shoots caused no symptoms. Potatoes 
and tomatoes displayed no external symptoms of disease when inoculated 
with Y. albo-airum or Y. dahliae, though successful reisolations w-ere made 
in some cases from the xylem of the stem just above ground level. No 
symptoms at all were displayed by sw^eet pea, lupin, pepper, or cucumber''^ 
inoculated with V. dahliae. 

PathogenicUy of Yerticillmm dahliae and Y. alho-afnim. 

Greenhouse Experiments 

Potted eggplants, tomatoes, and potatoes were inoculated 'with cultures 
of Y. dahliae (No. 25) and Y. alho-atnm (No. 35), in some eases through 
wounds at the base of the stem and in others by mixing corn-meal-sand 
inoculum with the soil. Ten plants of each kind were subjected to each 
method of treatment. Ten controls of each w^ere growui in soil containing 
sterilized inoculum, and 10 were wounded at the base of the stem. The 
plants were kept at about 20°. In each case symptoms of disease became 
evident in the plants inoculated with Y, alho-atrum a week or more earlier 
than in those inoculated with Y. dahliae, and the former w^ere much more 
severely diseased than the latter. The difference was less conspicuous in 
the eggplants, in w^hich marked symptoms w^ere caused by both species of 
Verticillium. Nevertheless, Y. albo-atrum caused a reduction of about 40 
per cent in the dry weight of the inoculated plants, as compared w’itli about 
10 per cent in the case of Y. dahliae, after 6 weeks ^ growth. In the 
tomatoes and potatoes the only symptom caused by Y. dahliae w-as a slight 
retardation of growth without wilting or withering of the leaves, while Y. 
albo-atrum produced a much greater stunting and also wilting and death 
of the lower leaves of inoculated plants. 

These experiments were repeated three times with eggplant and tomato 
and twice with potato, similar results being obtained each time. They were 
also repeated with cultures 14 (Y erticilUum alho-atnim) and 44 (V. 
dahliae), which showed a like difference in pathogenicity. As will be de- 
scribed under the heading '^Environal Studies,’’ culture No. 25 (F. 
dahliae) failed to produce definite symptoms of disease in tomato plants at 

5 Successful inoculations of cucumter with F. albo-atrum were later performed in the 
greenhouse at 20°. FertioiZZww produced no effect. 
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soil temperatures between 16° and 30°, wliile No. 35 {V. aVbo-airum) pro- 
duced marked symptoms from 16° to 26^ (Fig'- 7). Tlie plants in this soil- 
temperature-tank experiment made much more vigorous and rank growth 
than did the potted plants described above. 

In several further series of inoculations upon potted tomato plants at 
mean temperatures between 18° and 23°, all the available cultures were 
tested for pathogenicity. The plants were grown for 4 to 6 weeks after 
inoculation, which was found to be ample time for the development of 
marked symptoms in plants inoculated with pathogenic cultures. Six, 7, 
or in most cases 9 plants were inoculated with each culture in each series. 
Inoculations were performed in most cases by pouring an aqueous suspen- 
sion of a macerated potato-dextrose-agar culture of the fungus around the 
roots when potting the seedlings. In 2 series, wound-inoculations into the 
stems were made, and, in another, corn-meal-sand inoculum wms mixed with 
the soil. The severity of the symptoms and the average dry weight of 
stems and leaves w^ere recorded for the plants inoculated with each culture 
in each series of inoculations. Not all of the cultures were tested in more 
than one series of inoculations, but representative cultures of each species 
were tested in from 2 to 5 diferent series and gave consistent results. A 
standard culture of each species was included in every series. 


TABLE 2. — Nummary of results of pathogenicity experiments with potted tomato 
plants. The weights of inoculated plants giuen are relative to those of the noninoculated 
plants, which ivere talcen as 100 in each series. 



Symptoms moderate to severe 

Sjnnptoms slight or absent 

Species of 
fungus 

ISTumber 

of 

cultures 

Total 
number of 
trials^ 

Average 
dry weight 
of tops 

Number 

of 

cultures 

Total 
number 
of trials® 

Average 
dry weight 
of tops 

Verticillium 
dahliae 

9 

16 

78 

i 

28 

35 

107 

V. albo-atrum ... 

6 

14 

59 

2 

6 

98 

^^albiiuV^ type 




1 

4 

90 


a This number is obtained by writing down for each culture the number of separate 
series of tests in which that culture was included (varying from 1 to 5 for different cul- 
tures) and totalling these figures. 


The results are summarized in table 2. Six out of 8 cultures of 
Verticillium alho-atrum were severely pathogenic to tomato, causing con- 
spicuous mottling with yellow, wilting and withering of the lower leaves, 
also marked reduction in the dry weights of stems and leaves as compared 
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witli those of noninoculated plants, the latter being taken as 100 in each 
series. The other 2 cultures of V. alho-atrum (Nos. 17 and 38) displayed 
little or no pathogenicity. Nine out of 37 cultures of V. dahliae produced 
marked to severe disease symptoms and reductions in weight, though on 
the average less severe than those due to V. aVbo-afrtmv, The remaining 
28 cultures of Y. dahliae and the one culture of Wq album type displayed 
little or no pathogenicity. Two single-spore cultures of Y, dahliae that 
were strongly pathogenic to the rather weak plants used in one series 
[ proved to be relatively less pathogenic to the more vigorous plants used in 

I the remainder of the experiments, as compared with the typical Y: alho- 

. atrum cultures. Thus, the relative severity of disease produced by a given 

culture may vary according to the general vigor of the host plants. The 
above results agree with those of previous workers except that 2 cultures 
of Y. alho-atrum were found to exhibit little pathogenicity to tomato. 
These cultures were somewhat atypical in cultural characters, and one had 
been in culture for an unknown length of time. How^ever, it is not con- 
sidered that variation in the age of the cultures used seriously vitiates 
these results. Most of them were isolated during the latter half of 1930. 

; Culture No. 31 (T. alho-atrum) had been grown on artificial media con- 

tinuously since 1924, and No. 7 (Y. dahliae) since 1927. Each was one of 
the most pathogenic of its own species. 

Field Experiments 

Pidd experiments were conducted in 1930 and 1931 to investigate the 
possibility of differences in pathogenicity betw^een different cultures of 
P. alho-atrum and Y. dahliae. In 1930, the hosts used were eggplant, 
tomato, potato, cucumber, and pepper. One culture of Y. alho-atrum and 
8 of P. dahliae were used, 50 gm. of corn-meal-sand inoculum being mixed 
with the soil in the bottom of the hole into which each seedling was trans- 
planted. Twenty plants of each host w^ere inoculated with each culture. 
Ten noninoculated plants of each host grown between each pair of inocii- 
I lated strips made good growth and w^ere free of disease. The temperatures 

I during the growing periods of 1930 and 1931 are shown in figure 8. 

Of the inoculated plants in 1930, the potatoes, cucumbers, and peppers 
showed no signs of disease, whatever. The tomatoes were unaffected except 
for slight vascular discoloration at the base of the stem produced by 6 out 
of 9 cultures, including Yerticillium alho-atrum.. At the end of the grow- 
ing period but before the plants had begun to die off, the fungus was re- 
isolated from 13 out of 30 such tomato plants from the stem at least an 
inch above ground level. Nearly all the eggplants inoculated were stunted 
to about % the size of the noninoculated plants; their lower leaves became 
mottled with yellow, wilted, and dried up. There was no appreciable dif- 
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fereiice in severity of disease between the plants inocnlated with the dif- 
ferent cnltnres, though the cultures all showed marked differences in ap- 
pearance when grown on agar plates. 

In 1931 similar experiments were carried out in which 4 cultures of 
V erticilliimi albo-atriim and 3 of Y. dahliae were used. The same general 
procedure and hosts were used, except that peppers were omitted and the 
quantities of inoculum were varied between 20 and 80 gm. per plant with- 
out visibly influencing the severity of the disease. In recording the results, 
an arbitrary scale of severity was adopted, ranging from 0 (plant killed 
without making a significant amount of growth after inoculation) to 5 
(plant unaffected). The eggplants showed much less disease than in 1930. 
Towards the end of the growing period, each inoculated eggplant was 
assigned one of the figures of the above scale. The average values thus 
obtained for the lots inoculated with Y. albo-atnim cultures were 4.5 (cul- 
ture No. 39), 3 (No. 14), 3.5 (No. 35), and 4 (No. 27) and for those inocu- 
lated with y. dahliae cultures, 5 (No. 44), 3.5 (No. 25), and 4.3 (No. 21). 
The tomatoes were unaffected, except for slight vascular discoloration at the 
base of the stem in about a half of the plants inoculated with culture No. 
14 (Y, alho-atrum) , In the potatoes, one culture of each species (Nos. 21 
and 35) produced slight vascular discoloration in the base of the stem; the 
remainder had no effect. 

These results cannot be held to afford satisfactory evidence for or 
against differences in pathogenicity, in view of the small differences and 
amounts of disease observed. The experiments are described mainly be- 
cause they indicate that symptoms of Verticillium hadromycosis may 
partially or -wholly fail to develop in artificially inoculated field-grown 
eggplants, tomatoes, and potatoes under mean-temperature conditions found 
favorable for disease of these hosts when grown in soil-temperature tanks. 
These experiments will be further discussed from the environal viewpoint 
after describing the soil-temperature tank experiments. 

ENVIRONAL STUDIES 

Literature 

Temperature appears to be the most important environal factor in- 
fluencing the severity of this disease (Rudolph, 14). Studies of tempera- 
ture effect on growth of the fungus in culture have already been considered, 
and attention will here be confined to observations on the effect of tempera- 
ture on the occurrence and severity of the disease, treating firstly of green- 
house and secondly of field studies. The effect of soil moisture also will be 
considered in connection with the greernhouse studies on eggplant. 

Bewley (3, 4) made observations in commercial glass houses, which 
indicated that temperatures between 15.5 and 24° were favorable for 
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the disease in tomato, the optimum being about 22^. The disease was 
partially counteracted by shading. SchocYers (15) gives 25° as approxi- 
mately the maximum temperature at which the disease is likely to be evident 
in tomatoes. Alexander (1) gives a brief preliminary report of soil- 
temperature-tank experiments with tomatoes. Sterilized soil was inocu- 
lated with Verticillnim albo-atrum. Severe disease occurred at soil tem- 
peratures between 12° and 24°. At 28° plants showed only slight 
symptoms and made as good growth as the noninoculated plants. 

Soil moisture is recorded in the last-mentioned report as having no in- 
fluence on the disease. Many opinions based on observational evidence of 
moisture relations have been published. Extremes of both high and low 
moisture have been reported as aggravating the disease in various hosts. 
Bewley (3) considers that heavy watering increases the severity of the 
disease in tomatoes. Yan der Meer (16) reports as follows: '‘Some pot 
experiments with the potato variety ‘Eigenheimer’ inoculated at the stem 
base with Y. alho-atritm or Y. dahliae (potato) were arranged as follows. 
One set of plants was kept moist under glass, a second was watered every 
day, and a third was placed under a penthouse and kept as dry as pos- 
sible. It appeared that the development of the disease was much more 
rapid in drought, and that under very moist conditions the plants suffered 
but little from the disease. ’ ’ 

Temperature and Moisture Relations Under Controlled Conditions 

Methods. Standard ’Wisconsin soil-temperature tanks were used, the soil 
temperature being controlled to within half a degree Centigrade. The air 
temperature was maintained at or above a constant minimum, variations 
being recorded by a thermograph. Mean daily and weekly air tempera- 
tures were determined by averaging the thermograph readings at intervals 
of 2 hours throughout the period in question. Soil moistures were main- 
tained as constant as possible by periodical weighing and addition of the 
required amount of water. At the end of the first experiment with egg- 
plant a test of representative soil samples indicated that the average mois- 
ture content of each can had not changed by more than about 2.5 per cent 
of the moisture-holding capacity from the desired moisture content, though 
there was a tendency for the water to accumulate at the bottom of the can 
in the ease of 85 or 95 per cent saturated soil. Except where the effect of 
higher or lower soil moistures was being investigated, the soil was kept 
65 per cent saturated with water. 

The cultures used were as follows, except where otherwise stated. The 
Yerticillium dahliae culture chiefly used (No. 25 in Table 1) was from an 
eggplant at Eacine, Wisconsin; the Y. culture chiefly used (No. 

35 in Table 1) was from a tomato plant in a greenhouse near Milwaukee, 
Wisconsin. Both were isolated by the writer in November, 1930. In each 
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case, 1 of a number of single-spore isolations was elioseii and used through- 
out this series of experiments, except that cultures from other sources were 
used for comparison in certain specified cases. The fungus was grown on 
corn-meal sand for about 10 days : about 50 gm. for eggplants and 80 to 160 
gm. for potatoes and tomatoes were mixed with the top third of the soil in 
each inoculated can. A like amount of sterilized inoculum was mixed with 
the soil in each control can. Nonsterilized soil was used throughout all the 
tank experiments to be described, and no sign of disease was found in any 
noninoeulated plant. 

The varieties of host plants used were Black Beauty eggplant, Bonny 
Best tomato, and Bliss Triumph potato. Three seedlings about 3 in. high 
were planted in each can in the case of eggplant and tomato ; 2 pieces of 
potato tuber were planted, only 2 shoots per can being allowed to develop. 
The cans were 6 by 10 in. The time of first appearance of definite 
symptoms (paleness and flaccidity of the distal or sometimes lateral 
margins of the lower leaves) was noted for each can. All the plants in each 
can usually showed symptoms within a day or twm of one another, except 
in the case of the potatoes, where the time for each plant was recorded. 
Unless otherwise stated, the experiments were continued until the non- 
diseased plants were about to become too large for healthy growth in the 
cans. In order to obtain a roughly quantitative expression of the results, 
the plants in each can were then severed from the roots at ground level, 
dried for 24 hours at 100"^ C., and weighed. The weights per can of non- 
inoculated and inoculated plants were tabulated for each experiment. The 
reductions in the weights of the inoculated plants were taken as roughly 
indicative of the relative severity of the disease and were expressed as per- 
centages of the weights of the corresponding noninoeulated plants, to gif e 
a uniform basis for comparison. It must be emphasized that these weights 
and percentages are in every ease liable to a high experimental error, due to 
the small numbers of plants used. They are employed merely to enable 
the results of these particular experiments to be stated more explicitly than 
would otherwise be possible. 

EGGPLANT HADROMYCOSIS 

Soil tcfyiporO/ttoTo dTid wioistuTo ToldtioTis dt 19^ to 22^ diT tofyipoTdtuTO, 
The 1st experiment was conducted during the 7 weeks beginning February 
7, 1931, and the 2nd during the 6 weeks beginning April 9, 1931. The 
mean air temperature was 19° during the first period and 22° during the 
second. The soil temperatures and moistures used are enumerated in 
table 3, together with the weights of noninoeulated plants and percentages 

6 In addition to these, a soil temperature of 12° and a soil moisture of 35 per cent 
of saturation were tried in the first experiment. Severe disease occurred under these con- 
ditions, but the uninoculated plants made so little growth that the results will not be 
further considered. 
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Fig. 2. Influence of soil temperature on weight of noninoculated eggplants and of 
those inoculated with VerticilUum dahliae in the 1st tanh experiment. Mean air tempera- 
turcj 19°, soil moisture, 65 per cent of the moisture-holding capacity. 

this point are not very consistent, they indicate that the appearance of 
symptoms may be delayed a few days by very high (28° or above) and by 
very low (16° or below) soil temperatures. The only appreciable effect of 
soil moisture on length of incubation period was a slight delay in the ap- 
pearance of symptoms in plants grown in very moist soil at 28°. This 
effect was not evident above or below this temperature. It is shown 
graphically in figure 3. 

The results of the first experiment relating to the effect of temperature 
on growth of inoculated and noninoculated plants in 65 per cent saturated 
soil are summarized graphically in figure 2. In figure 3 the data from 
Experiment 2 relating to the effect of 4 different soil moistures at 28° soil 
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of reduction in the weights of inoculated plants. Verticillmm dahliae (No. 
25) was used in both experiments. Space permitted the inclusion of only 
one inoculated and one noninoculated can in each experiment for each set 
of conditions, but the results of the 2nd experiment satisfactorily confirmed 
those of the 1st with regard to temperature, and subsequent comparative 
experiments with other cultures of Verticillium gave abundant confirma- 
tion of results at the critical temperatures. 

The incubation periods in the 1st experiment varied from 9 to 16 
days and in the 2nd from 16 to 26 days, the increase in the 2nd experiment 
probably being due to the greater vigor of the plants. While the data on 
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Pig. 3. Influence of soil moisture on weight of noninoculated eggplants and of those 
inoculated with Verticillium dahlme and on the incubation period, in the 2nd tank experi- 
ment. Soil temperature, 28°, mean air temperature, 22°. 

temperature are plotted. Table 3 contains tbe weights of all noninoculated 
plants, and the percentages of reduction in weight of all inoculated plants 
grown in Experiments 1 and 2. The results of all tank experiments with 
eggplant will be summarized at the end of the section on eggplant 
hadromycosis. Thirty degrees was the highest soil temperature at which 
definite symptoms of eggplant hadromycosis appeared; YerUcilUum dahliae 
was reisolated from eggplant steins 2 in. above ground level in all 3 inocu- 
lated cans at 30° soil temperature in Experiment 2. Photographs were 
taken of the plants in the cans in Experiment 1 after 5 weeks’ growth. 
The influence of varying soil temperature in soil 85 per cent saturated with 
water is shown in figure 4 and that of varying soil moisture at a soil- 
temperature of 28° in figure 5, the inoculated plants being contrasted with 
the corresponding noninoculated plants in each case. 

In order to compare YerUcilUum albo-atrum with Y, dahliae as to the 
effect of soil temperature on pathogenicity, the following experiments were 
conducted. On September 26, 1931, 2 cans with Y. dahliae (No. 25) and 2 
with Y, albo-atrum (No. 35) were planted with eggplants. One can inocu- 
lated with each species was kept at 28° soil temperature and the other at 30°. 
Two noninoculated cans were kept at each soil temperature. The mean air 
temperature was 20°. Definite symptoms of wilt appeared about 19 days 
after planting in each can inoculated with YerUcilUum dahliae. No 
symptoms appeared in the cans inoculated with Y. all o-at rum mitil about 
the 35th day, and then only in the can at a soil temperature of 28°. Forty 
days after planting, all the tops were severed from the roots, dried and 





Fig. 4. Influence of soil temperature on growth of noninoculated eggplants and on severity of disease in eggplants inoculated 
with Vertieilli'um daJiliae. Soil moisture, 85 per cent of the moisture-holding capacity, mean air temperature, 19°. Five weeks after 
inoculation. 
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Fig. 0 . Influence of soil moisture on growth of noninoculated eggplants and on 
severity of disease in eggplants inoculated with Verticillmm dahliae at a soil temperature 
of 28® and an average air temperature of 19®. Five weeks after inoculation. 


weiglied. There was about a 30 per cent reduction in the weights of the 
plants inoculated with T. dahliae at 28° and 30°, with marked symptoms 
of disease in each case. The plants inoculated with V, albo-afnm were 
reduced in weight by 20 per cent at 28° and by 7 per cent at 30°. They 
displayed slight disease symptoms at 28° and none 4t 30°. 

The same cans of soil were replanted with eggplant seedlings, and 
similar results again obtained. The can inoculated with Verticillium albo- 
atrum and kept at 30° -soil temperature w^as held for 10 weeks without the 
appearance of any sign of disease. The experiment was repeated a third 
time during January and February in a new lot of freshly inoculated soil, 
the same cultures of Verticillium being used; one other culture of each 
sjoecies. Nos. 14 and 44, was also tried. The results agreed with those of 
the previous experiments, ^ 

A further series was run including 6 other cultures of Verticillium albo- 
atrum at soil temperatures of 28° and 30°, and 4 other cultures of V, dahliae 
at soil temperatures of 30° and 32°. The mean air temperature was about 
23°. Of the V. aVbo-atrum cultures at 28°, 4 produced slight symptoms and 
2 had no effect; at 30°, none had any effect. All the V, dahliae cultures 
produced definite signs of disease at 30°, but none at 32°. It is therefore 
concluded that whilst the maximum soil temperature at which V. alho- 
oitrum can cause disease in eggplant is usually about 28° or below, it is 
commonly about 30° in the case of V. dahliae. This agrees with the dif- 
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f ereiice in maximnm temperature that lias been demonstrated for the 
growth in culture of the 2 species. 

Soil temperature relations at 28^ to 31° air temperature. This experi- 
ment was begun on April 12, 1931, in a small glass house maintained at a 
minimum air temperature of 28°. On sunny days the air temperature be- 
came very high, often reaching 37° in the middle of the day and raising 
the mean air temperature over the 10 weeks of the experiment to 31°. 
Yerticillium dahliae (No. 25) was used. One inoculated and one noninocu- 
lated can were held at each of the following soil temperatures : 22°, 24°, 26°, 
28°, 30°, and 32°. The noninoculated eggplants did not make such healthy 
growth as those in the larger house, where the 1st and 2nd experiments were 
conducted. Both inoculated and noninoculated plants tended towards a 
spindling habit of growth with chlorotic areas between the veins of the 
leaves. 

The periods that elapsed before the first appearance of visible symptoms 
w^ere distinctly longer than in the first 2 experiments, viz. 29 days at 22° 
soil temperature and 31 days at 24°, 26°, and 28° soil temperature. No 
definite symptoms appeared at 30° or 32°. The lowest 3 or 4 leaves of each 
inoculated plant at the lowest 4 soil temperatures were wilted and withered 
by the disease, which progressed slowly during the next 2 or 3 weeks after 
the first appearance of symptoms. 

The eggplants began to outgrow the disease 7 or 8 weeks after planting, 
presumably owing to the increasingly high air temperatures during the 
daytime, although the new growth in both control and inoculated lolants 
was of the unhealthy type described above. On June 27, about 10 weeks 
after planting, the experiment was discontinued. The diseased leaves by 
that time had dropped off and the remaining foliage was free from any 
definite symptoms of hadromyeosis at all soil temperatures. In the 22° 
and 24° tanks, the inoculated plants were slightly smaller than the non- 
inoculated plants, but in the others no difference was visible. The inocu- 
lated plants at soil temperatures from 22° to 28° showed distinct brown 
discoloration of the vascular bundles of the stem up to 2 or 3 in. above the 
soil level, but those at 30° and 32° did not show any such discoloration. 
Yerticillium dahliae was reisolated from the stem (about 1 in. above ground 
level) of the plants at 26° and 28° soil temperatures, but those at 30° 
failed to give any growth of the fungus on plating. 

This experiment indicates that at a high air temperature (averaging 
about 31°) the maximum soil temperature at which Yerticillium dahliae 
may cause disease symptoms in eggplant is somewhat lower than at low air 
temperatures. Thus, in the experiment just described, the maximum soil 
temperature at which disease symptoms developed was 28°, as compared 
with 30° in the 2nd tank experiment. Similar indications were obtained 
from the 1st tank experiment with tomatoes, described below. 
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Air temperature relations. In the experiments described above, tlie 
air temperature in most cases differed from the soil temperature. For 
comparison with the results of such experiments, eggplants growing in 
pots were inoculated through stem wounds above ground level and kept in 
small glass houses in which the minimum air temperatures were main- 
tained at 17°, 20°, 24°, and 28°. Ten inoculated and 5 noninoculated 
plants were kept in each house. The plants were cut off at ground level 35 
days after inoculation, dried, and weighed. The weights of the inoculated 
plants averaged about % those of the controls at all 4 temperatures. A 
2nd experiment was performed in the 28° house only, using 10 controls 
and 6 plants inoculated with -each of the following cultures: 14 and 35 
{Yerticillium alho-atrum) , 25 and 44 (Y. dahliae). The results agreed with 
those of the 1st experiment, except that the symptoms produced by the 2 
cultures of Y. aVbo-atrim at 28° were a little slow^er in appearing and less 
marked than those due to Y. dahliae. 

S%immary, Noninoculated eggplants grew best at soil temperatures of 
28° and 30°, the air temperature being 19° to 22°. The higher soil 
temperature was more favorable at higher soil moistures. A mean air 
temperature of 31°, often going up to 37° for short periods, proved less 
favorable than the lower air temperatures. Eggplants in pots grew better 
at 28° than at lower air temperatures. 

Marked disease symptoms appeared, and the growth of eggplants inocu- 
lated with Yerticillium dahliae was reduced 50 to 80 per cent as com- 
pared with that of the noninoculated plants, at soil temperatures of 16°, 
20°, 24°, 28°, and 30°, the air temperatures being 19° to 22°. The reduc- 
tion in growth of inoculated plants was most marked at 20°, gradually de- 
creasing at higher temperatures up to 30°. There was in some eases a 
slight reduction in average weight of inoculated plants at 32°, but this was 
probably due to experimental error rather than to parasitism by the fungus, 
as there were no other symptoms and in 2 out of 6 cases the plants in inocu- 
lated soil weighed more than did the controls. Apparently the disease was 
slightly less severe at 16° than at 20°. At an air temperature averaging 
31°, no symptoms appeared above 28° soil temperature: the symptoms at 
28° and below were much less marked than at the lower air temperatures 
and disappeared as the mean air temperature became higher towards the 
close of the experiment. The maximum soil temperature for disease in 
plants inoculated with Y. albo-atrum was 28° as compared with 30° for 
Y. dahliae, ttio air temperature being 20° to 23° in each case. Potted 
plants inoculated with Y. dahliae through stem wounds above soil level be- 
came diseased with approximately equal severity at air temperatures of 
17°, 20°, 24°, and 28°. 

Increase of soil moisture up to 95 per cent of saturation was accom- 
panied by increased growth of noninoculated eggplants at 24° and 28° 
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soil temperature; at 30° and 32°, increase of soil moisture up to 85 per 
cent (the maximum tried at these temperatures) gave increased growth of 
the nonino Ciliated plants. At 20° and 16°, noninoeulated plants in soil 
85 per cent saturated grew less than did those in soil 65 per cent saturated. 

Soil moisture exerted no appreciable effect on severity of disease except 
at 28° soil temperature (air temperature 19° to 22°), where the disease was 
a little later in appearing and less severe in soils 85 and 95 per cent 
saturated than in those 45 and 65 per cent saturated with water. Probably 
this was merely an effect, of the increased vigor of the host plants under 
these conditions. 

The results as to temperature relations will be compared with data from 
field observations in the section on ‘‘Temperature Kelations in the Field.’’ 

TOMATO HADHOMYCOSIS 

Soil temperature relations at 25^ to 30° air temperature. The 1st tank 
experiment with tomato as host was begun on April 12, 1931. The tempera- 
tures used were determined by the space left over after requirements had 
been satisfied for the concurrent eggplant experiments rather than selected 
with suitability as the first consideration. Larger quantities of inoculum 
were used than in the experiments with eggplant, as some difficulty had 
been experienced previously in producing disease symptoms in the tomato. 
One-hundred-fifty grams were used in each can, made up of equal parts of 
corn-meal sand inoculated with the following cultures: Verticillium dahliae 
(No. 25) and V. albo-atrum (No. 35). One inoculated and one noninocu- 
lated can were kept during the whole experiment in the large greenhouse 
used for the 1st and 2nd eggplant experiments, where the air temperature 
averaged about 24.5° during this time (23° during the first 5 weeks). The 
remainder were kept for the first 5 weeks of their growth in the small 
greenhouse used for the eggplant experiment in which the air temperature 
averaged about 30° during this time. Here it became so hot during the 
day that both inoculated and noninoeulated plants made very spindly, 
small-leaved, unhealthy growth, and no definite symptoms of hadromycosis 
developed. As soon as space became available, these cans were transferred 
to a larger greenhouse, where the air temperature during the rest of the 
experiment averaged 26°, and were here kept at lower soil temperatures, as 
stated in table 4, where the conditions of growth and development of 
disease in each inoculated can of this experiment are summarized. 

It would appear from the results of this experiment that high air 
temperatures (including temperatures too high for the healthy growth of 
the host) may hinder the appearance of symptoms in plants growing in 
soil at temperatures suitable for the optimum development of the fungus. 

Soil temperature relations at 20° air temperature. The 2nd tank ex- 
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TABLE 4 . — Conditions of growth and development of Verticillmm hadromycosis in 1st 

tanTc experiment with tomato 


Conditions of growth 

Approxi- 

Final results 

Tnirst; 5 1 

waaTtss 1 







mate 



Soil 

tempera- 

ture 

Average 

air 

tempera- 

ture 

Soil 

tempera- 

ture 

Average 

air 

tempera- 

ture 

incuba- 

tion 

period^ 

Brown- 
ing of 
vascular 
bundles 

External 

symptoms 

Degrees 

22 

Degrees 

30 

Degrees 

14 

Degrees 

26 

Days 

SHght 

at 

base 

of 

stem 

Indefinite ; 
stunting, 
drying up 
of lower 
leaves 

24 

t ( 

16 

£ ( 


£ £ 

££ 

26 

( c 

18 

£ £ 


£ i 

££ 

20 

23 

20 

££ 

18 

Marked, 

visible 

9 in. 
up stem 

Marked 

wilting, 

yellowing, 

and 

withering 
of lower 
leaves 

28 

30 

20 

£ £ 


Slight 
at base 
of stem 

Indefinite 

24 

23 

24 

<£ 

18 

Marked 

Marked 

30 

30 

24 

££ 


None 

Symptoms 

less 

marked; 
gradual 
drying up 
of lower 
leaves 

32 


26 

££ 

No 

symp- 

toms 

None 

None 


a WEere no data are given, it was not found possible to assign even an approximate date 
for the first appearance of symptoms. 


periment with tomato was begun on September 26, 1931. The mean air 
temperature was 20°. Bach inoculated can received a total of 150 gm. of 
inoculum, 50 gm. each of corn-meal-sand medium inoculated with cultures 
21 and 25 (VerticUUum dahliae) and culture 35 (F. alio-atrum). Two 
inoculated and 2 noninoeulated cans were kept at each of the following 
soil temperatures; 20°, 22°, 24°, 26°, 28°, and 30°. It was desired to run 
tanks at 16° and 18°, hut the lowest soil temperature ohtainahle at the 
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Fig. 6. Influence of soil temperature on growth of noninoculated tomatoes and on severity of disease in tomatoes inoculated with 
a mixture of Verticillimn alho-atrum and F. daJiUae. Mean air temperature, 20°, soil moisture, 65 per cent of the moisture-holding 
capacity. Six weeks after inoculation. 
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beginning of tbe experiment was 19^ Two tanks (with 2 inoculated and 
2 noninoculated cans in each) were begun at this temperature; 18° was 
attained by the end of the 3rd week, and one tank was kept at this tempera- 
ture. The other reached 16° by the end of the 4th week. 

The incubation period in the 2nd experiment varied from 17 days at 
20° soil temperature to 20 days at 22° and 25 days at 24°, Severe disease 
occurred at 22° and below, less severe at 24°, and still less at 26°, at which 
temperature no definite time could be assigned for the first appearance of 
symptoms. No symptoms appeared at 28° or 30°. After 6 weeks’ growth 
the plants were photographed (Fig. 6), dried, and weighed. The weights 
of noninoculated plants and percentages of reduction in weights of inocu- 
lated plants are given in table 5. The noninoculated plants grew about 
equally well at soil temperatures from 20° to 30°. 

The 3rd tank experiment with tomato was begun on February 13, 1932. 
It was a replication of the 2nd except that 3 cans in each tank were inocu- 
lated -with a pure culture oi YeHicillmm alb o-atrum (No. 35) and 3 with a 

TABLE 5. — Influence of soil temperature on dry weights in grams of stems and 
leaves of noninoculated tomato plants from the £nd (md 3rd tanTc experiments and on re- 
ductions in weight of inoculated plants (expressed as percentages of the dry weights of 
the corresponding noninoculated plants). The results from duplicate cans are averaged in 
Experiment £, and those from duplicate noninoculated and triplicate inoculated cans are 
averaged in Experiment S. Each weight represents the average total dry weight of stems 
and leaves per can of 3 plants. Mean air temperature - £0° in each case. 


Soil 

temperature 

Experiment 2. Inoculated 
mth a mixture of Verti- 
cillium alho-atrum and 

V. dahliae 

Experiment 3 

Weight 

of 

noninocu- 
lated » 
plants 

Percentage of reduction in 
weight of plants inocu- 
lated with : 

Weight of 
noninocu- 
lated plants 

Percentage 
of reduction 
in weight of 
inoculated 
plants 

V. albo- 
atrum 

F. 

dahliae 

Degrees | 



1 

1 

\ 


16 

9.7 

72 

7.1 . 

66 ! 

-13a 

18 

10.2 

59 



1 

20 

10.4 

77 

11.7 

68 

: -5a 

22 

9.1 

50 

11.4 

62 

-16a 

24 

10.8 

32 

12.7 

68 

-6a 

26 

! 10.9 

38 

12.7 

I 53 

6 

28 

10.0 

-10a 

12.1 

6 

4 

30 

i 

0 

10.4 

—2a 

~2a 


a Where a miaus siga precedes the percentage, it indicates that the weight of the inocu- 
lated plants exceeded that of the corresponding noninoculated plants by this percentage, so 
that the reduction in weight was a minus quantity. 
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pure cnltiire of 7. dakliae (No. 25). Tlie remaining 2 cans were noninocn- 
lated. Of the 3 cans inocnlated with each species of Verticillinm at each 
soil temperature, 2 received 80 gm. and one 160 gm. of corn-meal-sand 
inoculum. The noninoculated cans each received 80 gm. of sterilized 
inoculum. The mean air temperature was again 20^. 

In the tomato plants inoculated with YerUcillium alho-at mm in the 3rd 
experiment, symptoms appeared at all soil temperatures up to and includ- 
ing 26° within 13 to 15 days. During the first 5 weeks’ growth, no definite 
symptoms appeared in any of the plants inoculated with Y. dahliae. Those 
inoculated with Y. dahliae at all soil temperatures and those with 7. alio- 
airum at 28° and 30° were indistinguishable from the noninoculated plants. 
At the end of 5 weeks’ growth the plants were dried and weighed, excepting 
one plant in each can at 22°, 26°, and 28°. These were kept growing at 
the same temperatures to see if disease would appear later in the plants not 
then showing it. Yerticillnim allo-atrum was isolated from the xylem in 
the base of the stem one in. above ground level in 3 plants at 28°, which 
showed slight vascular discoloration. This, like similar reisolations made 
from field-grown inoculated plants (see ‘^Susceptibility of Various Hosts 
to Yerticillium Hadromycosis”) proves that the fungus may be present in 
the lower portions of a tomato plant without appreciably affecting its 
growth. At this time slight yellowing and wilting of the leaves were be- 
ginning to appear at the bases of the plants inoculated wdth 7. allo-atrum 
at 28° and of those inoculated with 7. dahliae at 28° and below. These 
plants were otherwise similar to the noninoculated plants (Fig. 7). After 



Fig. 7. Pattogenieity and soil temperature relations of VerticiUium dahliae and V, 
alho-atrum in touiato. A, noninoculated, B, inoculated with F. dahliae, C, inoculated with 
F. albo-atnm, all at 26° soil temperature. B, inoculated with F. aTbo-atmm at 28° soil 
temperature. Mean air temperature, 20°, soil moisture, 65 per cent of the moisture- 
holding capacity. Five weeks after inoculation. 

2 more weeks these symptoms had not become any more marked, though 
7, dahliae was reisolated from the petiole of one of the lower leaves of 2 
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plants at 26° and 2 at 28°, which showed slight yellowing and tip withering 
of the lowest 2 or 3 leaves. Thus, Y. dokliae, though present in the lower 
parts of the plants, did not significantly affect their growth. Three of the 
plants inoculated with Y. dahliae djid grown at 22° were kept for a total 
period of 8 weeks without farther symptoms developing than those already 
described. The weights of plants and percentages of redaction in weight 
of inocalated plants at the end of 5 weeks ^ growth are given in table 5. In 
most cases the plants inocalated with Y. dahliae weighed slightly more than 
the noninoealated plants. It is doabtfal whether this fact has any sig- 
nificance. As Y. dahliae alone did not caase appreciable amoants of disease 
in the 3rd experiment, it is presamed that Y. alho-atrum was mainly re- 
sponsible for the disease in both experiments. 

The disease occarred with approximately eqaal severity in tomato plants 
at soil temperatares ranging from 16° to 22° in both experiments. It was 
a little slower in appearing and less severe at 24° and 26° in the 2nd experi- 
ment; in the 3rd it was less severe at 26° bat as severe at 24° as at lower 
temperatares. There was no significant amoant of disease at 28° or 30° 
in either experiment. There was no difference between the plants receiv- 
ing 80 gm. of inocalam per can and those receiving 160 gm. in the 3rd ex- 
periment. Thas, the maxiniam soil temperatare for the occarrenee of 
Verticilliam hadromycosis in tomatoes inocalated with either a mixtare of 
both species ov V erticilli'a'in all)0-aiTU7n alone appears to be aboat 26 , as 
compared with a maximam of 30° for eggplants inocalated with Y. dahUae 
or 28° for eggplants inocalated with Y. albo-atrvm, the air temperatare in 
each case averaging 20°. 

Potato Hadromycosis. This experiment was ran in the same tanks as 
were ased for the 2nd tomato experiment and was began at the same time, 
September 26, 1931. The tabers ased were free from vascalar discolora- 
tion and were sarface sterilized. The soil temperatares ased were 16° to 
19°, 18° to 19° (see description of 2nd tomato experiment for an explana- 
tion regarding these two), 20°^ 22°, 24°, and 26°. Two inocalated and 2 
noninoealated cans were kept at each soil temperatare. The inocalam was 
similar to that ased in the 2nd tomato experiment, i.a., a mixtare of 
Yerticillkm alho-atrum and Y. dahliae. The mean air temperatare was 
19°. 

The growth of both inocalated and noninoealated potato plants was 
rather weak and spindly, and the leaflets were below the normal size. 
There was little difference visible between the growth of the noninoealated 
plants at any of the different soil temperatares ased. Signs of disease 
appeared after very irregalar intervals, as is shown in table 6. They were 
in many cases hard to distingaish from the gradaal senescence, yellowing, 
and withering of the leaves from the lowest ap, which took place in non- 
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inoculated potato plants grown in pots in the greenhonse under unfavorable 
conditions and also in the noninoeulated plants of the tank experiment 
to'vvards the end of their growth. Thus, the times given for the first appear- 
ance of symptoms are subject to an error of 5 days or so, due to this uncer- 
tainty. The greater length of incubation period in these plants than in 
the tomatoes or eggplants previously mentioned is accounted for, at least 
in part, by the fact that in the latter cases seedlings 2 or 3 in. high were 
planted and in the former case portions of tubers that took much longer to 
attain an equivalent development of aerial parts. The incubation periods 
for each of the 4 inoculated plants at each single soil temperature varied 
considerably (between 33 and 60 days in 2 eases). The disease appeared 
most rapidly at 18°, taking slightly longer at lower and higher soil tempera- 
tures. These results, however, are of doubtful significance. 

After about 60 to 65 days the noninoeulated plants ceased growth, 
probably owing to diminishing day length and light intensity ; their leaves 
began to die off slowly from the lowest up, much as did those of the inocu- 
lated plants. Three noninoeulated plants in which this process began a 
few days earlier than in the rest were plated, but all proved sterile. 

Platings were made during the course of the experiment from the 
potato plants that developed symptoms of the disease. Though the disease 
was longer in appearing, it seemed to kill the plants off more rapidly than 
in the case of tomatoes or eggplants under similar conditions. All the 
leaves on a plant would be withered and the stem beginning to dry up from 
the tip downward within about 10 to 14 days of the first signs of disease. 
Plants w^ere removed for plating wiiile the upper leaves were still alive. 
Verticillium w^as isolated from the stem at least 3 in. above ground level, 
the stem and uppermost leaves being still alive and turgid, from one or 
more plants at each soil temperature used. The fungus was obtained in 
every case in which its isolation was attempted. The results of these re- 
isolations are summarized in table 6. Microsclerotia were formed abun- 
dantly in stem-tissue cultures from the higher soil temperatures ; dark 
hyphae alone developed in cultures from 3 out of 4 plants grown at 16° 
soil temperature and from 2 out of 4 plants grown at 18°. Each of 10 
single-spore cultures from one 18° plant proved to be Y. albo-atnm, and 
each of 10 from one 26° plant proved to be Y. daliUae. While representing 
only a few isolations, these results would seem to indicate that Y. alho-atnm 
is more actively parasitic on the potato at low" soil temperatures and Y. 
dahliae at high soil temperatures. 

An estimate of the relative amounts of reduction in the aerial growth 
of inoculated potato plants, expressed as percentages of the amounts of 
aerial growth made by the noninoeulated plants, wms made at the end of 
60 days ’ growth and is recorded in table 6. By December 9, after 74 days’ 
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growth, the noninoeulated plants were beginning to die ; the tubers formed 
in each can were removed from the soil and weighed. It is thought that 
the weights thus obtained give the best available expression of the relative 
total amounts of growth per can, as the aerial parts of diseased plants were 
removed at various times during the last 2 or 3 weeks of the experiment for 
reisolation work. The results of the weighings are given in table 6. It is 
evident from the symptoms developed, the reisolation of Verticillium from 
the stems, and the reduction in weight of tubers, that there was some 
disease development at all the soil temperatures used, from 16° to 19° to 
26°. The reductions in weight of the tubers agree with the other data in 
indicating slightly less severity of disease at soil temperatures of 24° and 
26° than at 22° and below. Possibly the upper limit is higher than 26°, 
as no plants were grown above 26°, but the decrease in amount of disease 
at 26° gives reason to believe that little or no disease development would 
occur above this temperature. None of the tubers showed any sign of 
vascular discoloration: 2 tubers from each inoculated can were surface 
sterilized and pieces cut from them kept in a moist chamber, but no fungal 
growth appeared. Verticillium had readily been isolated by the writer on 
previous occasions by the same method from tubers of naturally diseased 
plants. 

It is thought likely that under conditions more favorable to the healthy 
development of the potato plant and perhaps with a lower concentration 
of inoculum in the soil, the maximum soil temperature for the development 
of symptoms might be lower. This hypothesis is suggested by the writer ^s 
failure to produce disease symptoms in vigorous field-grown plants, al- 
though soil and air temperatures throughout a large part of the growing 
period were below those at which the disease was produced in the green- 
house. The same applies in the case of the tomato. In other words, it 
seems likely that the temperature relations of the disease are dependent to 
some extent upon the vigor of the host plants. Therefore, results gained 
from soil-temperature-tank investigations do not necessarily hold for field 
conditions in this case. Further evidence bearing upon this point will be 
discussed under the next heading. 

Temperature Relations in the Field 

Under the heading //Pathogenicity of Yerticillium dahliae and V. alio- 
atnim — Field Experiments'’ it was pointed out that artificially inoculated 
eggplants, tomatoes, and potatoes, grown in the field during 1930 and 
1931, failed in many eases to develop disease symptoms, though the tempera- 
tures prevailing during the greater part of the growing periods were found 
favorable for disease in plants grown in soil-temperature tanks. Some- 
what similar observations have been recorded by Gratz (10). He describes 
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experiments repeated over several seasons, in wliicli potato tubers infected 
with Verticillium were collected in Maine; half of these were grown in 
Maine and half in Florida. The Maine crops contained 25 to 30 per cent 
of severely diseased plants, while the Florida crops produced 0 to 3 per 
cent of diseased plants, none of which showed more than very slight 
symptoms. The temperatures during the first % of the Florida potato 
season do not differ significantly from those for the corresponding period in 
Maine and are well below the maximum for the fungus ; Gratz considers 
that this evidence points to the likelihood of some factor or factors other 
than temperature being involved in the failure of the disease to appear in 
Florida. It should be noted, however, that during the last 3rd of the 
potato-growing season, temperatures are falling in Maine but rising in 
Florida. 


In figure 8, the weekly mean air and soil temperatures during the growing 



Fig. 8. Weekly mean soil and air temperatures in the field plots during the growing 
periods of 1930 and 1931, compared with the experimentally derived maxima for the occur- 
rence of Verticillium hadromycosis. The maximum soil temperatures at which disease oc- 
curred in eggplants grown in soil-temperature tanks are indicated by the lines A (when air 
temperature was 22°) and B (when air temperature was 31°). The maximum soil tempera- 
ture at which disease occurred in tomatoes and potatoes in tanks at 20° air temperature is 
indicated by the line C. The mean temperature for each week was plotted at a point corre- 
sponding to the end of that week. 

periods of 1930 and 1931 are plotted for comparison with the highest soil 
temperatures at which distinct disease symptoms were obtained in the tank 
experiments. The mean temperatures in figure 8 were derived by averaging 
the 2-hourly readings of thermographs operated amongst the plants 12 in. 
above and 4 in. below ground level, with the following exceptions for 
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periods during whicli no tliermograpli was available. The air tempera- 
tures up to the middle of June, 1930, and the end of June, 1931, were 
derived from the United States official weather reports for Madison. The 
soil temperatures up to the end of June, 1931, were obtained by averaging 
thermometer readings taken daily at 8 : 00 a. m. and 7 : 00 p. m. The values 
thus obtained are only an approximation of the true weekly means, but it 
is thought they are more likely to be above than below the true mean 
temperatures for the following reasons. The bulb of the thermometer was 
placed 4 in. below soil level in unshaded ground (the roots of the plants 
would be partly shaded) and the morning reading was not taken till some 
time after sunrise, so that usually the ground would have warmed up 
appreciably from its night temperature before the reading was taken. 
Thus, if the true mean soil temperatures about the roots of the plants 
differed from the approximate values plotted in. figure 8, they were probably 
lower and, therefore, there would be all the more reason to suppose that 
disease should have occurred. 

In 1930 the weekly mean temperatures throughout the whole of the 
growing period were well below the maximum for the disease in eggplant, 
and nearly all the inoculated plants showed moderate symptoms of disease. 
In 1931 it was only during the last week in June and beginning of July that 
the weekly mean temperature exceeded the experimental maximum for the 
disease; during July the soil and air temperatures averaged 27° and 26°, 
respectively, but throughout the remainder of the growing period they were 
near or below the optimum for the fungus. Yet, about % of the 140 egg- 
plants inoculated did not differ appreciably from the noninoculated plants, 
and most of the remainder showed symptoms that were very mild as com- 
pared with those obtained in the tank experiments. It would seem from 
the results of the tank experiments that more severe disease than this 
might have been expected to occur in the field. It is not thought that too 
low temperatures prevented its occurrence, as severe symptoms appeared 
at a soil temperature of 12° in the tank experiments. 

No symptoms appeared in tomato plants except slight vascular dis- 
coloration at the base of the stem produced by 6 out of 9 cultures of 

Verticillium in 1930 and by 1 out of 7 cultures in 1931. The potatoes were 
unaffected in 1930; in 1931, 2 out of 7 cultures produced slight stunting 
and vascular discoloration, while the remainder had no effect. In no case 
were such severe disease symptoms produced in tomatoes or potatoes in 

the field as were obtained at a constant soil temperature of 26° and an 

almost constant air temperature of 20° in the tank experiments, using a 
mixture of V, dahliae and V, alho-atrum a-s inoculum. In 1930 the weekly 
mean soil temperatures for the first 5 weeks after transplanting the tomato 
seedlings into inoculated soil in the field were 18°, 18°, 19°, 18°, and 21° 
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(average 19°) ; the corresponding air temperatures were 20°, 23°, 24°, 23°, 
and 25° (average 23°). In the first tank experiment with tomatoes, 
symptoms first became evident within 18 days at soil temperatures of 20° 
and 24°, the mean air temperature being 23° in each case. The plants 
were severely diseased within 5 weeks. Similar results were obtained in 
the 2nd tank experiment at soil and air temperatures of 18° to 20°. In 
1931 mean weekly temperatures between the 4th and 9th weeks after plant- 
ing in the field approximated or exceeded the experimentally determined 
maximum for the disease in tomato, but there was ample time before and I 

after the periods of heat to permit of the development of disease symptoms, 
according to the results of the tank experiments. The results of the single || 

inconclusive tank experiment with potatoes also give reason to expect that 
more than the slight traces of disease produced in the field should have 
been obtained. I 

It therefore seems necessary to conclude that tank experiments do not 
give reliable data as to the maximal temperatures at which Yerticillium | 

hadromycosis may occur in the field and that conditions other than tempera- J 

ture are concerned in limiting its severity there. Of course, there was a j 

wide variation between greenhouse and field conditions with regard to soil ; 

moisture, light intensity, and probably also humidity; exact data as to | 

these factors are not available. Again, whilst the entire root system of each 
plant grown in the tanks was maintained at one constant temperature, the 
soil temperature in the field varied both diurnally and at different depths. I 

Presumably the root systems of the field-grown plants were in a consid- | 

erably healthier state than those of the tank-grown plants and better able 
to withstand injury to the finer rootlets, which may conceivably be a factor j 

in injury due to Yerticillium. No evidence on this point was obtained. 

Field-grown plants were naturally larger and more vigorous than those 
grown in the tank cans ; it seems possible that the greater the general vigor 
of the host plant, the nearer to the optimum for the parasite must the 
temperature be before marked symptoms of hadromycosis can be produced. 

Bewley (4), speaking of tomatoes, writes, /'There is a distinct relation be- 
t'ween hardness of growth and susceptibility to wfilt; the harder growing 
varieties and plants suffering from starvation or a severe check in the 
young stages being most susceptible to attack.^’ Another possibility is that 
certain hosts may become liable to attack only when acted upon by predis- 
posing factors at present unknown. Thus, Haenseler (11), speaking of 
Yerticillium hadromycosis of the peach in New Jersey, says "It is very 
probable that winter injury is a necessary predisposing factor and that the 
organism is unable to infect a normal tree.’’ 
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MSCUSSION 

The apparent diserepaneies between the reports of different workers on 
this disease are probably due in most cases to two main factors, the 
variability of the pathogen and the imperfectly understood influence of 
environment upon the host-parasite relations. 

The variability of the pathogen has led to a still unsettled disagreement 
as to the best mode of taxonomic treatment of the vascular Verticillia. 
Most cultures described in the literature and 45 out of the 46 representa- 
tive cultures examined by the writer fall into 2 classes, those that form 
microsclerotia and those that form dark hyphae without microsclerotia. 
There are some types that do not readily form any dark mycelium. Many 
of these will do so on appropriate treatment. A new species, TerUeillium 
dcMiae^ was named by Klebahn to include the mierosclerotial type, separat- 
ing it from the type forming dark hyphae, only. Those who agree with 
Klebahn apply the designation V. aVbo-atrimi to the latter type, alone, but 
it is often used in general literature to include both types. In addition to 
F. dahliae, several other species of vascular Verticillia have been named, 
e.g.f Y. ovaimi B. and J., F. tracheipMlum Curzi, etc., the claims of which 
to specific rank have been questioned by recent authors. The writer’s 
study deals only with F. dahliae and F. alho-atrum (using the latter term 
to include types forming dark hyphae alone). 

The classification of these 2 groups as separate species appears to the 
writer to be both useful and practicable. As pointed out earlier in this 
paper, the type of dark mycelium formed in culture provides a convenient 
means of distinction. The usefulness of the distinction depends on the 
extent to which the 2 groups differ in significant physiological characters, 
ie., the need for convenient distinction between them. Probably the most 
important distinctive physiological characters of these fungi are their 
pathogenicity and temperature relations. Their maximum temperatures 
are of particular importance in determining the climatic conditions under 
which disease may occur. The writer’s studies agree with those of previous 
workers in showing that Yerticillkmi dahliae is characterized by a dis- 
tinctly higher maximum temperature than F. alio-atT'iiM for growth in 
culture. The writer has shown this to apply also to disease production in 
the case of eggplant. Furthermore, F. dahliae is in most cases distinctly 
less pathogenic to certain hosts, e.g., tomato, potato, and cucumber, than is 
F. albo-atrum, at least when the temperature is equally favorable for the 
growth of either species of fungus (though certain cultures of F. dahliae 
are more pathogenic to tomato than are certain cultures of Y. alb o-atr urn) . 
The work of Berkeley, Madden, and Willison (2) indicates that this dif- 
ference in pathogenicity is more marked in the case of the cucumber. 
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The most important environal factor influencing the disease appears 
to be temperature. The general impression gained from the literature is 
that little disease is likely to occur above 25°. Soil-temperature-tank 
studies conducted by the writer showed that the maximum soil temperature 
for disease was about 30° in the case of eggplants inoculated with 
YerticUlium dahliae and about 26° in the case of tomatoes and potatoes in- 
oculated with a mixture of both species, the air temperature being about 
20° in each instance. Thus there is a marked difference in maximum 
temperature for the disease in different hosts. The eggplant is more 
severely attacked than the tomato or potato at temperatures favorable for 
disease in any of these hosts. Possibly this accounts for the higher 
maximum temperature for disease in eggplants. 

Field observations indicate that the disease may fail to develop in I 

artificially inoculated field-grown plants when the temperature conditions ; 

are such as would permit of severe disease development in soil-temperature 
tanks. A given strain of YerticUlium dahliae was found to be less 
pathogenic to vigorous, rank-growing tomato plants than to stunted plants. 

These facts and similar observations recorded in the literature are in- 
terpreted by the writer as suggesting that the host-parasite relationship in- 
volves a continual competition between the host and the parasite. Under 
this hypothesis any factor that retards the growth of the parasite more 
than that of the host, such as high temperature, will diminish the severity 
of disease. This diminishing of disease will be more marked when the host 
is in a vigorous condition than when the host is weak. It will also be more 
marked in hosts such as tomato and potato than in eggplant, the former two ^ 

being less susceptible than the latter under optimum temperature conditions 
for the fungus. Similarly, any factor increasing the vigor of the host 
plants more than that of the fungus will lessen the amount of disease. | 

Apparently, the maximum temperature for disease depends not merely on ; 

the maximum for growth of the fungus but also on the susceptibility of the ; 

host, which, in turn, depends on the species and general state of health of 
the plants concerned. 

In the case of the potato, the somewhat fragmentary evidence available 
indicates that Verticillium is a comparatively weak parasite on this host. 

The occurrence of disease seems quite erratic and so dependent on environal 
conditions that the results of greenhouse experiments are of very limited 
utility in explaining the occurrence or absence of disease in the field. The 
environal relations of the disease in this host particularly are in need of j 

further study. In the writer's opinion, the physiology of the fungus in | 

the soil and of the potato plant under field conditions (including the pos- 
sibility of factors predisposing the host to the disease) should receive care- 
ful attention in such a study. 
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SUMMARY 

The taxonomy of the Yascular Verticillia is briefly discussed. It is 
thought that the important differences in pathogenicity and temperature 
relations between the types differentiated by Klebahn as Verticillnim 
dahliae and Y. albo-atrum warrant their treatment as separate species. 

Bight cultures of Y. aWo-atrum and 37 cultures of Y. dahliae from a 
number of different hosts and localities were studied. As measured by rate 
of increase in colony diameter, the average growth rate of Y. alho-atrum 
approximately equalled that of Y. dahliae at 22° but was reduced to about 
% that of Y. dahliae at 28°. No growth of Y. alho-airum was obtained at 
30°, while all cultures of Y. dahliae tried at this temperature gave varying 
amounts of growth. The optimum for Y. alho-atrum^ according to the 
literature, is usually about 23°, but 1 culture of Y. dahliae gave slightly 
better growth at 28° than at 22°. 

Of 15 recorded hosts inoculated with Y. dahliae under parallel field 
conditions, eggplant, okra, cotton, snapdragon, and rose appeared most 
susceptible ; wild sumac, blackberry, and raspberry displayed mild symp- 
toms; potato, tomato, pepper, cucumber, dahlia, lupin, and sweet pea 
showed no symptoms; though Yerticillium was reisolated from potato, 
tomato, and dahlia. 

Of 8 cultures of Y. alio-atnim tested in the greenhouse for pathogenicity 
to potted tomatoes, 6 were severely pathogenic and 2 caused little or no 
disease. Nine out of 37 cultures of Y. dahliae caused moderate to severe 
disease symptoms, and the remaining 28 displayed little or no pathogenicity 
to tomatoes under the conditions of the experiment. 

In soil-temperature-tank experiments with eggplant, Y. dahliae pro- 
duced marked disease symptoms at soil temperatures of from 12° to 30°, 
but not at 32° ; Y. albo-atrum caused disease at 28° and below, but not at 
30°. The air temperature was between 19° and 23° in each case. At 28° 
to 31° weekly mean air temperature, no disease was produced by Y. dahliae 
above 28° soil temperature, and the symptoms at soil temperatures from 
22° to 28° were much milder than in the previous experiments, disappear- 
ing towards the end of the experiment as the mean air temperature 
gradually increased. 

Variation of soil moisture between 45 per cent and 95 per cent of the 
moisture-holding capacity had no appreciable effect on severity of disease 
in eggplant, except a slight lengthening of the incubation period and 
reduction in severity of disease with the highest 2 soil moistures at 28° 
soil temperature, probably due to the greater vigor of the host. 

Severe disease in tomatoes was caused by Y. up to 24° soil 

temperature, slightly less at 26°, only very slight symptoms at 28° and 
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none at SO'" (air temperature = 20°) . The culture of V. dakliae used caused 
very slight or no symptoms and no appreciable reduction in growth at soil 
temperatures from 16° to 30°, though it was reisolated from plants at 26° 
and 28° soil temperature. Higher air temperatures hindered the appear- 
ance of disease at favorable soil temperatures, as with the eggplant. 

In a single tank experiment with potatoes, disease occurred from 16° to 
26° soil temperature (air temperature 19°) with a mixture of both species 
of fungus as inoculum. 

The difficulty experienced in obtaining the disease in the field at 
temperatures below the experimentally derived maxima leads to the belief 
that some factor or factors other than temperature must have lessened the 
susceptibility of the field-grown plants to the disease. It is suggested that 
vigorous plants may be resistant to the disease at temperatures favorable 
for disease in weaker plants. 

Division of Plant Industry, C. S. I. K., 

P. 0. Box 109, Canberra City, 

F. C. T., Australia. 
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THE PREPARATION AND PROPERTIES OP PENTATHIONIC 
ACID AND ITS SALTS; ITS TOXICITY TO FUNGI, 
BACTERIA, AND INSECTS 

O.JSTealLimingi 
(Aceei3ted for publication April 29, 1932) 

For the last century, various types of sulphur sprays and dusts have 
been used as crop protectants with varying degrees of success. The com- 
mon lime-sulphur sprays and the 300-mesh sulphur dusts are now in uni- 
versal use as fungicides. Sulphur dusts, in which the particles are very 
fine and readily oxidized, have proved satisfactory in the control of many 
plant diseases. But these dusts have apparently insufficient fungicidal 
properties to control fungous diseases such as Brooks spot and the bitter 
rot of apple. 

Sulphur sprays and dusts have not been used extensively to combat 
bacterial diseases of plants. This is probably due, at least in part, to the 
difficulty of applying sprays and dusts to infected parts and at a time when 
they will not be injurious to the host. Furthermore, it may be that sulphur, 
in the forms in which it is available, is not sufficiently toxic to satisfactorily 
control such bacterial diseases as fire blight of apple and bacterial spot of 
peach. 

The use of sulphur as an insecticide has largely been confined to the 
lime-sulphur sprays. The theory that such sprays are effective because of 
their causticity has recently been questioned by O’Kane and Conklin (7). 
Although lime sulphur sprays have given good control of some scale insects, 
there appears to be, at present, no sulphur insecticide that will satisfactorily 
control aphid infestations. 

The results of laboratory tests made by Young (15) show that penta- 
thionic acid, an oxidation product of sulphur, is toxic to fungi. The more 
recent tests made by Liming (6) support Young’s theory. Lack of control 
with sulphur of some fungous and bacterial diseases and insect infestations 
may be due to an inadequate amount of pentathionic acid. It therefore 
appears that a spray or dust with, or capable of producing, a large amount 
of the acid would be a good crop protectant against most diseases and insect 
attacks. 

The experimental work presented herein is divided into three main sub- 
jects. The first part deals with method of preparation, composition, and 
properties of three pentathionate salts and pentathionic acid. In the second 
part are given methods of preparation, composition, and the properties of 

A ^^ormerly Research Fellow, Department of Botany and Plant Pathology, Ohio 
Agricultural Experiment Station. Resigned March, 1931. 
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a colloidal siilplmr paste, together with some suggestions for its commercial 
preparation. The third part includes the results of tests to show the effect 
of pentathionic acid on 9 pathogenic fungi, 3 bacterial plant pathogens, and 
3 common species of plant aphids. The results of some preliminary tests 
of the toxicity of colloidal sulphur also are given. 

HISTORICAL REVIEW 

Pentathionic acid was discovered by Wackenroder to be the principal 
acid formed by the reaction of sulphur dioxide and hydrogen sulphide in 
water. The difficulty encountered in preparing the pure salts led Spring 
(12) to question the interpretation Wackenroder made of his own results. 
Spring regarded pentathionic acid as a solution of sulphur in tetrathionic 
acid. Later, Debus (2) prepared several pentathionate salts and defi- 
nitely proved the existence of the acid. He gave the structural formula, 
H • Sg ‘ SO 2 * OS * SO 2 • 0 ‘ H, to indicate the arrangement of the sulphur 
atoms in the molecule. 

The acid occurs in hydrophilic sulphur sols, plastic sulphur, and ground 
sulphur. The nature of 2 types of hydrophilic sulphur sols has been inves- 
tigated by Freundlich (3, pp. 615~625). He found that 1 gm. of sulphur 
from the Wackenroder solution carried about 0.145 millimol of pentathionic 
acid ; whereas 1 gm. of sulphur, formed when sodium thiosulphate is decom- 
posed by an acid, was found to carry about 0.470 millimol of the acid. 
Babson (11) found that when thiosulphuric acid is mixed with black soil 
about 80 per cent of it is changed to pentathionic acid. Jablczynski and 
Frenkenberg (4) reported that the rapidity of decomposition of thiosul- 
phuric acid is increased by the presence of colloidal sulphur. 

Another type, a hydrophobic sulphur sol, prepared by adding an excess 
of water to an alcoholic solution of sulphur, contains, according to Freund- 
lich (3), no pentathionic acid. 

Plastic sulphur has pentathionic acid associated with it, Freundlich 
(3) believed that the pentathionic acid that is mixed with the plastic or 
amorphous sulphur greatly inhibits its transformation to crystalline sul- 
phur. He pointed out that the conditions under which amorphous sulphur 
is prepared also favor the formation of pentathionic acid. 

The occurrence of pentathionic acid on ground sulphur was reported by 
Young and Williams (16). They suggested that the natural oxidation of 
sulphur gives a continuous yield of the acid but that the amount is too 
small to bring about hydration of the sulphur particles. The later work 
of EoacK (11) showed that when sulphur is added to black soils about 6 
per cent of it is oxidized to pentathionic acid. ' 

Three general methods have been employed in the preparation of pen- 
tathionie acid. The sodium thiosulphate-hydrochloric acid method is 
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probably the most satisfactory one of the three. By this metliod it is pos- 
sible to prepare a solution containing principally pentathionic acid and its 
sodium salt. Under favorable conditions and in the presence of a small 
quantity of arsenious acid, the complete conversion of thiosulphate into 
pentathionate is theoretically possible. Bassett and Durr ant (1) give the 
following equations to represent these reactions. 

H2S2O3 + H3ASO3 - — > H2SO3 + H3ASO3S 
H^SsOe + H3ASO3S — ^ A + H3ASO3 

H3S A + HaAsOsS — ^ H^S A + H3AS 

The sulphur dioxidediydrogen sulphide method consists of passing 
hydrogen sulphide into a concentrated solution of sulphurous acid. 
According to Debus (2), the resulting solution is a mixture of the poly- 
thionic acids. Kaschig ( 8 ) and Eiesenfeld and Feld ( 10 ) have given the 
following equations to explain the reaction. 

2 SO 2 + HgS > H 2 S 3 O 4 Hypothetical acid 

^ 2830,4 4- SO 2 > H 2 S. 4 O 6 Oxidation by sulphur dioxide 

H 2 S 3 O 4 + 6 SO 2 ^ HgSsOe Oxidation by sulphur dioxide 

5 H 2 S 3 O 4 > SH.SgOe + 2 H 2 O Polymerization 

The amount of acid formed per unit volume by this method is so small 
that considerable difficulty is encountered in reducing the solution to the 
coneeiitration necessary for cr^T-stallization of a salt in presence of a base. 

When sulphur monochloride in aqueous solution is added in small quan- 
tities to a pasty mixture of barium thiosulphate and water, a solution is 
obtained that exhibits all of the properties of pentathionic acid. Spring 
( 12 ) believed that the product of these reactions is a mixture of polythionic 
acids. 

Young (15) tested the effect of hydrophilic sulphur on 8 pathogenic 
fungi and found it toxic only between pH 4.2 and 5.4. In his experiments, 
the colloidal sulphur was coagulated and centrifuged from the ‘Another 
liquid’’ and then peptized in distilled w^ater. Tisdale (13) tested the 
toxicity of sulphur precipitated from lime sulphur solution, along with the 
hydrophilic sulphur sols and found them toxic to 8 pathogenic fungi. He 
reported that aeration and slight desiccation do not destroy the toxic 
factor. 

The results of toxicity tests made by Liming ( 6 ) sho^v that, of the 
acids of sulphur, the polythionic acids are the most toxic to spores of 
Scleroiinia oinerm. Pentathionic acid prepared from the barium salt 
w^as found to be toxic in varying degrees to several pathogenic fungi. 
Filtrates from ground sulphur that contained pentathionic acid were 
likewise found to be toxic to spores of marea. 
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THE PREPARATION AND PROPERTIES OP PENTATHIONATE SALTS 
AND OP PENTATHIONIC ACID 

For detailed and oxaet studies of the effect of pentathionic acid on 
biological materials, acid solutions from pentatliionate salts were used. 
Such solutions, the exact composition of which is known, are, for labora- 
tory test, highly preferable to commercial materials. Owing to the con- 
stant composition of the recrystallized salts, it is possible to prepare at 
all times solutions that are alike with reference to the composition of the 
acid in them. The results of toxicity tests in which such acid solutions 
are used are more reliable, and the results of various tests can be satis- 
factorily compared with each other. 

PERPARATION OP SODIUM, BARIUM, AND POTASSIUM PENTATIONATES 

Raschig’s method, which employs the reaction between a thiosulphate 
and an acid in the presence of arsenic, was used in this investigation. 
The procedure was modified in some respects in an effort to increase the 
yield of pentathionic acid. One hundred and twenty-five grams of sodium 
thiosulphate were dissolved in 150 ee. of water, and then to this 2.5 gm. 
of arsenous oxide, dissolved in a small amount of sodium hydroxide, were 
added. The temperature of the solution was reduced to -10° C. in a 
salt-ice bath. Then, 200 ce. of concentrated hydrochloric acid, likewise 
cooled to -10° C., were added, 5 cc. at a time. The solution was vigor- 
ously stirred and kept at the low temperature during the procedure. The 
resultant precipitate of sulphur, arsenous sulphide, sodium chloride, and 
sodium sulphate was removed by flltartion. 

The filtrate was placed in a porcelain evaporating dish and set before 
an electric fan. After about 4 hours fanning, the solution was again 
filtered to remove the precipitate. This procedure was repeated three 
times, at the conclusion of which the solution had been reduced in volume 
from 350 cc. to 100 cc., and all the free sulphur and sodium chloride had 
been removed. It was necessary, during this procedure, to keep the tem- 
perature of the solution below 35° C. to inhibit the separation of sulphur. 

About 100 cc. of absolute alcohol were added to crystallize the sodium 
pentathionate. It was observed that if the alcohol was added with suffi- 
cient care a layer formed on top of the solution and crystallization took 
place readily. The next day the sodium pentathionate was removed, 
thoroughly washed with absolute alcohol, and dried at room temperature. 

The filtrate was freed of alcohol by evaporation and then divided into 
two equal parts. To one part was added 50 cc. of a saturated solution of 
barium acetate containing 3 per cent acetic acid. A precipitate of barium 
sulphate was formed, thus removing from solution all of the sulphuric 
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acid formed by the thiosulphate-acid reaction. The precipitate was 
removed and saved for quantitative determination. The solution was 
concentrated by fanning until its volume was again about 50 cc. ; to this 
■was added an equal volume of absolute alcohol. The same inethod of 
crystallization, filtration, and washing was followed here as described 
above for the sodium salt. 

The other part was treated with just enough barium hydroxide to 
remove the sulphuric acid. Then, 50 cc. of a 20 per cent solution of 
potassium acetate plus 3 per cent acetic acid were added. From this 
point on the procedure was the same as that followed in the preparation 
of the barium pentathionate. 

The filtrates from the two parts were combined and the amount of 
pentathionic acid that was left in solution was determined. The amounts 
of free sulphur and various compounds from two such mixtures are given 
in table 1. 


TABLE 1 . — Quantities of free sulphur and sulphur compounds produced hy the reac- 
tion of ^50 gm. of sodium thiosulphate with hydrochloric acid. (Combination of products 
from two IBo gm. mixtures as recorded in text) 


Sulphur compounds 

Compounds ! 

Sulphur 

Total S. in the 
compounds 


gm. 

gm. 

Per ct. 

As^Sj 

3.07 

1.20 

1.9 

BaS04 

6.13 

.84 

1.3 

NaaSO^ 

trace 



Na^SsOs-ffloO 

31.90 

13.81 

21.2 

BaSsOg • S^HoO 

19.78 

7.00 

10.8 

KoSA-l^H^O 

21.31 

9.45 

14.6 

H^SsOe 

12.12 

7.52 

11.6 

Total ’ 


39.82 

61.4 

Free sulphur (theoretical) 

24.76 

24.76 

38.6 

Na.S.03 • 5H.0 

250.00 

64.58 



The results show that about 60 per cent of the sulphur in the thiosul- 
phate molecule formed pentathionic acid. The difference in the amounts 
of the various pentathionate salts is not significant, as the amount of the 
base added and the time were probably determining factors. 

The Physical Properties of Pentathionate Salts 

All three of the pentathionate salts are stable when kept dry at room 
temperature. Samples of the salts were kept in moisture-proof containers 



158 


Phytopathology 


[VoL. 23 


THE PREPARATION ANI> PROPERTIES OF PENTATHIONATE SALTS 
AND OP PENTATHIONIC ACID 

For detailed and exact studies of the effect of pentathionie acid on 
biological materialSj acid solutions from pentathionate salts were used. 
Such solutions, the exact composition of which is known, are, for labora- 
tory test, highly preferable to commercial materials. Owing to the con- 
stant composition of the recrystallized salts, it is possible to prepare at 
all times solutions that are alike with reference to the composition of the 
acid in them. The results of toxicity tests in which such acid solutions 
are used are more reliable, and the results of various tests can be satis- 
factorily compared with each other. 

PERPARATION OP SODIUM, BARIUM, AND POTASSIUM PENTATIONATES 

Raschig’s method, which employs the reaction between a thiosulphate 
and an acid in the presence of arsenic, was used in this investigation. 
The procedure was modified in some respects in an effort to increase the 
yield of pentathionie acid. One hundred and twenty-five grams of sodium 
thiosulphate were dissolved in 150 ee. of water, and then to this 2.5 gm. 
of arsenous oxide, dissolved in a small amount of sodium hydroxide, were 
added. The temperature of the -solution was reduced to -lO*^ C. in a 
salt-ice bath. Then, 200 cc. of concentrated hydrochloric acid, likewise 
cooled to - 10^ C., were added, 5 ee. at a time. The solution was vigor- 
ously stirred and kept at the low temperature during the procedure. The 
resultant precipitate of sulphur, arsenous sulphide, sodium chloride, and 
sodium sulphate was removed by filtartion. 

The filtrate was placed in a porcelain evaporating dish and set before 
an electric fan. After about 4 hours fanning, the solution was again 
filtered to remove the precipitate. This procedure was repeated three 
times, at the eonelusion of which the solution had been reduced in volume 
from 350 cc. to 100 cc., and all the free sulphur and sodium chloride had 
been removed. It was necessary, during this procedure, to keep the tem- 
perature of the solution below 35° C. to inhibit the separation of sulphur. 

About 100 cc. of absolute alcohol were added to crystallize the sodium 
pentathionate. It was observed that if the alcohol was added with suffi- 
cient care a layer formed on top of the solution and crystallization took 
place readily. The next day the sodium pentathionate was removed, 
thoroughly washed with absolute alcohol, and dried at room temperature. 

The filtrate was freed of alcohol by evaporation and then divided into 
two equal parts. To one part was added 50 cc. of a saturated solution of 
barium acetate containing 3 per cent acetic acid. A precipitate of barium 
sulphate was formed, thus removing from solution all of the sulphuric 
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acid formed by the tliiosiilphate-aeid reaction. The precipitate was 
removed and saved for quantitative determination. The solution was 
concentrated by fanning until its volume was again about 50 cc. ; to this 
was added an equal volume of absolute alcohol. The same method of 
crystallization, filtration, and washing was followed here as described 
above for the sodium salt. 

The other part was treated with just enough barium hydroxide to 
remove the sulphuric acid. Then, 50 cc. of a 20 per cent solution of 
potassium acetate plus 3 per cent acetic acid were added. From this 
point on the procedure was the same as that followed in the preparation 
of the barium pentathionate. 

The filtrates from the two parts were combined and the amount of 
pentathionic acid that was left in solution was determined. The amounts 
of free sulphur and various compounds from two such mixtures are given 
in table 1. 


TABLE 1 . — Quantities of free sidphur and snlphur compounds produced hy the reac- 
tion of B50 gm. of sodium thiosulphate with hydrochloric acid. (Combination of products 
from two l£d gm. mixtures as recorded in text) 


Sulphur compounds 

Compounds 

Sulphur 

Total S. in the 
compounds 


gm. 

gm. 

Fer ct. 

ASijSg 

3.07 

1.20 

1.9 

BaS04 

6.13 

.84 

1.3 

Na2S04 

trace 



Na^SsO^.fflsO 

31.90 

13.81 

21.2 

BaSsOe • 31HoO 

19.78 

7.00 

10.8 

K.s,Oe • im^o 

21.31 

9.45 

14.6 

HoSsOe 

12.12 

7.52 

11.6 

Total 


39.82 

61.4 

Free sulphur (theoretical) 

24.76 

24.76 

38.6 

NaoSo03-5H,0 

250.00 

64.58 



The results show that about 60 per cent of the sulphur in the thiosul- 
phate molecule formed pentathionic acid. The difference in the amounts 
of the various pentathionate salts is not signifilcant, as the amount of the 
base added and the time were probably determining factors. 


The Physical Properties of Pentathionate Salts 

All three of the pentathionate salts are stable when kept dry at room 
temperature. Samples of the salts were kept in moisture-proof containers 
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for nearly a year, and no important decomposition occurred. A sample of 
sodium pentathionate, kept on a watch crystal in a desk in the laboratory 
for 6 months, showed no signs of decomposition. 

Samples kept in a moist atmosphere, however, began to break down al- 
most immediately, gave off sulphur dioxide, and became yellow because of 
formation of free sulphur. Likewuse, samples that were not washed 
thoroughly with absolute alcohol and completely dried were unstable. 

Samples of the 3 pentathionate salts were examined by V. H. Morris, 
Biochemist, Department of Agronomy. The descriptions and drawings of 
the crystals, and their optical properties, as contributed by him, are given 
in the following paragraphs. 

The optical and crystallographic properties of the potassium and barium 
salts of pentathionic acid have already been described by C. W. Mason (14, 
pp. 398-400). The samples' of the same salts, prepared as described above, 
were found to have identical properties. 

Sodium pentathionate. The crystals obtained were lamellar in habit, 
very thin plates that tended to adhere in groups and clusters. They be- 
long to the orthorhombic system. The plates usually are considerably 
elongated in the direction designated as c and flattened parallel to c and h 
(Fig. 1,A). 


B 


.Jz! 




1 /^ 











Fig. 1. Crystal liabit and optical orientation of : A. Sodium peiitatliionate. B. Barium 
pentathionate. C, Potassium pentathionate. 


The plates exhibit parallel extinction in all directions. The axial plane 
is 010; the obtuse bisectrix is a and the optic normal i. The sign of 
elongation is negative, as is also the optical character. The refraction in- 
dices by the immersion method are: a = 1.551; (3 = 1.605; and y = 1-610. 
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Tlie above plates, dissolved in water and recrystallized by the addition 
of water, Avere obtained as imperfect, tapering-, rectangular tablets. The 
thicker crystals do not exhibit complete extinction, and normal interference 
figures could not be obtained. The refraction indices of a and 3 are the 
same as those of the plates described above and are in the same orientation. 
These crystals appear to be aggregates of plates similar to those above but 
adhering together with a definite orientation. 

Barium pentathionate. The crystals are most commonly observed as 
rectangular tablets belonging to the orthorhombic system. They usually 
are elongated in the direction taken as c and the corners are often trun- 
cated by small bipyramids (Fig. 1, B). 

The tablets exhibit parallel extinction in all directions, and biaxial in- 
terference figures may easily be obtained. The axial plane is 100; the 
optic normal is u, and c is the acute bisectric. The sign of elongation is 
positive, as is also the optical character of the crystals. The refraction in- 
dices by the immersion method are a = 1.620; 3 = 1*640; and y= 1.670. 

Potassium pentathionate. The crystals belong to the orthorhombic sys- 
tem, and the most common crystal habit is illustrated in figure 1, C. If the 
crystallographic axes are located so that the flattening is parallel to h and 
c, the largest faces may be designated 100, and these are beveled by 110 
and 111. The crystals are thus hexagonal, with terminal angles of about 
74°. 

With the crystals oriented as illustrated, the axial plane is 100; the 
acute bisectric is c and the optic normal is a. The sign of elongation and 
the optical character of the crystals are positive. The refraction indices 
by the immersion method are: a = 1.570; 3 = 1*630; and y = 1*658. 

Quantitative Analysis of Pentathionute Salts 

The amounts of sulphur and bases in sodium, barium, and potassium 
pentathionates were determined. In all eases the sulphur was oxidized to 
a sulphate and measured gravimetrically as barium sulphate. In the case 
of the barium pentathionate, the barium was precipitated from an aqueous 
solution as a sulphate and Aveighed. The amount of base in each of the 
other salts was determined by oxidizing the sulphur to a sulphate, evap- 
orating the solution to a constant weight, and measuring the residue as 
sodium or potassium sulphate, as the case might be. Only a brief outline 
of the procedure for each of the salts is given here. 

Sodium pentathionate. A small amount of the salt (0.3826 gm.) AA^as 
dissolved in 10 cc. of distilled water. Five cc. of a 10 per cent bromine 
solution Avere carefully added. The solution was allowed to stand 15 min- 
utes, and then 10 cc. of nitric acid were added. It was warmed until the 
reaction ceased and the bromine was volatilized. The volume was made up 
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to 30 cc. and then divided into 2 equal parts. One part was evapoi'ated to 
dryness, treated with 10 cc. of 10 per cent hydrochloric acid, and dried 
again to drive off the nitric acid. After the solution was diluted to about 
200 cc., 5 cc. of 10 per cent hydrochloric acid, and then 50 cc. of 0.5 N. 
barium chloride were added. The resultant precipitate, barium sulphate, 
was collected on a weighed Gooch crucible, ignited, cooled in a desiccator, 
and weighed as barium sulphate. 

The precipitate weighed 0.5927 gm. and therefore contained 0.0813 gm. 
of sulphur. Theoretically, such a sample should contain 0.0828 gm. The 
discrepancy of 0.0015 gm. was probably caused by an impurity such as 
sodium chloride. 

The second portion was treated in the same maimer as the first, except 
that sulphuric instead of hydrochloric acid was added. Then the solution 
was evaporated to dryness and constant weight in a weighted platinum 
dish. Prom the amount of the sodium sulphate (0.0774 gm.) thus formed, 
the amount of sodium was found to be 0.0241 gm. This amount is 0.0004 
gm. more than the amount theoretically present in 01913 gm. of sodium 
pentathionate. 

Barium pentathionate. By the method described above, the amount of 
sulphur in 0.3060 gm. of barium pentathionate was determined. Prom this 
sample 0.7842 gm. of barium sulphate was formed. The results in<%ate 
that the sample contained 0.1075 gm. of sulphur, an amount that is 0.0007 
gm. less than the theoretical amount. 

Por the determination of the barium, 0.3060 gm. of the salt was dis- 
solved in 10 cc. of water. To this solution 10 cc. of 5 per cent sulphuric 


TABLE 2 . — Besulis of qumtiiatwe analyses of sodium, 'barium, and potassium 

pentathionates 


Pentathionate salts and 
molecular weights 

! 

Experimental results and 

calculations 1 

Theoretical calculations 

NaoSA-^HoO 

370.30 

X : .5927: : 32: 233.43 

X equals 0.0813 gm, S. 

X : .0744: : 46: 142.06 

X equals 0-0241 gm. Na. 

X : .1913: : 160.3: 370.3 

X equals 0.0828 gm. S. 

X : .1913: : 46: 370.3 

X equals 0.0237 gm. Na. 

361.53 

X : .9264: : 32: 233.43 

X equals 0.1270 gm. S. 
x : .1413: : 78.2: 174.26 

X equals 0.0634 gm. K. 

X : .2909 : : 160.3 : 361.53 

X equals 0.1290 gm. S. 

X : .2909: : 78.2 : 361.53 

X equals 0.0629 gm. K. 

BaSgOe • SiHgO 

453.17 

X : .7842: : 32: 233.43 

X equals 0.1075 gm. S. 

X : .1582: : 137.37 : 233.43 

X equals 0.0931 gm. Ba. 1 

' ■ , 

X : .3060: : 160.3 : 453.17 

X equals 0.1082 gm. 8. 

X : ,3060 : : 137.37: 453.17 

X equals 0.0928 gm. Ba. 
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acid were added. Prom the weight of the precipitated barium sulphate 
(0.1582 gm. ) , it was calculated that 0.0931 gm. of barium was present. The 
difference between this and the theoretical value (0.09 gm.) is not signifi- 
cant. 

Potassium pentathionaie. A 0.5818-gm. sample of the salt was used in 
the determination of the amounts of sulphur and potassium by the same 
methods employed in the analysis of the sodium salt. Only 0.9262 gm. of 
barium sulphate, carrying 0.1270 gm. of sulphur, was obtained from 0.2909 
■* gm. of potassium pentathionate. 

From the other half of the sample, 0.1413 gm. of potassium sulphate 
was obtained. This amount of potassium sulphate contains 0.0634 gm. of 
* potassium, which is 0.0005 gm. more than the amount actually present in 

0.2909 gm. of the pure salt. 

The results of the 6 quantitative analyses and the formulae used in the 
calculations are given in table 2. 

The Preparation and Physical Properties of Pentathionic 
' Acid 

A brief outline of 3 general methods for the preparation of pentathionic 
acid has been given in the historical review of this paper. One of these 
methods, the thiosulphate-acid reaction, has been described in detail in the 
section dealing with the preparation of the 3 pentathionate salts. 

A concentrated solution of pentathionic acid, comparable in strength to 
that from which the pentathionate salts were prepared, slowly decomposed 
on long standing in the laboratory. Free sulphur and sulphur dioxide 
were the principal decomposition products. After standing 15 days, suf- 
ficient sulphur was formed and held in suspension to give the solution a 
yellow color. Pentathionic acid, which was prepared in dilute solutions 
f from the barium salt, was quite stable. Only a trace of free sulphur and 

j sulphur dioxide was found in the solution after standing 6 months. 

The Analyses of Polythionic Acids 

\ For quantitative analyses, a stock solution containing only the polythi- 

^ onic acids was prepared. For this solution, 1.5 gm. of barium pentathi- 

j onate were dissolved in 16.4 ec. of water; to this were added 33.6 cc. of .2 

I N. sulphuric acid. The resultant precipitate of barium sulphate was re- 

moved by filtration. Qualitative tests showed that the solution contained 
principally pentathionic, some tetra- and trithionic, but no sulphuric, acids. 
The amount of each was determined in the presence of each other by 3 
volumetric titrations. 

The total amount of polythionates was found by measuring the acid 


formed from the double decomposition of mercuric chloride. A lO-cc. por- 
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tioai of the stock solution was pipetted into 10 cc. of a 10 per cent solution 
of mercuric chloride. This was well mixed, allowed to stand 10 minutes, 
diluted to 50 cc., and heated to boiling. After cooling*^ 25 cc. of 10 per cent 
ammonium chloride were added to prevent the separation of sulphur in the 
subsequent titration. The solution was then titrated with .1 N. sodium 
hydroxide, methyl orange being used as an indicator. For this sample, 
26.9 cc. of alkali were required to neutralize the acid formed by the mer- 
curic chloride reaction. 

The polythionates react with mercuric chloride, aeeording to Kurte- 
nacker and Bittner (5), as follows: 


2 S,30e + 3 Hga HgsSsCl, + 4 Cl + 8 H 

2 S,,Oe + 3 HgCls HgsS^Cls + 4 Cl + 8 H + 2 S 

2 SgOe + 3 HgCls HggSsCls + 4C1 + 8 H + 4S 

The equations show that for every 6 mol. of polythionates there were 24 

mol. of acid released. Then it follows that the total mols of the polythio- 
nates, SgOg + S,^Og + SgOg = a/4, in which ^^a’’ represents the mols of sodium 
hydroxide used in the titration. The results show that 0.3 gm. (the 
amount contained in 10 cc. of the stock solution) of the barium salt con- 
tains 0.6725 millimol of polythionates. 

The total amount of tetra- and pentathionates was determined by the 
action of a sulphite on the acids. Another 10-cc. portion of the stock solu- 
tion was treated with 10 cc. of a 10 per cent solution of sodium sulphite and 
then allowed to stand 10 minutes. To this were added 5 cc. of formalde- 
hyde and 10 cc. of 10 per cent acetic acid. The solution was then titrated 
with .1 N. iodine, starch being used as an indicator. This solution required 

13.1 cc. of .1 N. iodine to neutralize the thiosulphate formed by the reac- 
tion. 


According to Easchig ( 8 ), the thiosulphate was formed by the following 
reactions: ^ 

S,A + S 03 ->-S30e + SA 

S A + 2 SO 3 SsOg + 2 S2O3 


The tnthionate does not react with the sulphite. The equations show that 
one mol of iodine was required for each equivalent of tetrathionate, 
whereas two were required for each peutathionate. These conditions can 
be represented by S^Oe + 2 S^Oe = b, where “b” is equivalent to the amount 
of normal iodine used. The results show that, in this ease, “b” represents 
1.31 millimol. 

By another reaction the total amount of the tetra- and pentathionates 
was determined. But, unlike the sulphite reaction, each of the 2 higher 
thionates yields the same amount of thiosulphate. Ten cubic centimeters 
of the stock solution were diluted to 100 cc., and then 5 cc. of a 10 per cent 
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solution of potassium cyanide were added. After five minutes’ standing, 
the solution was treated with 5 ce. of formaldehyde and 5 cc. of 10 per 
cent sulphuric acid. The solution was titrated immediately with .1 N. 
iodine, 6.65 cc. being required to neutralize the thiosulphate. 

Kurtenacker and Bittner (5) state that the following reactions take 

■ SjOe + 3 CN ^ SO3 + CNS 

S,,08 + 3CN->S303 + CNS 
SsOe + 4 CN S3O3 + 2 CNS 

The first equation shows that the trithionate produced a sulphite. Due, 
however, to the presence of formaldehyde, this sulphite did not enter into 
the iodine reaction. By use of the equation, S,^Oe + SgOg = c, where “c” is 
the amount of normal iodine consumed, it is shown that there was 0.665 
millimol of tetra- and pentathionates. 

From the results of the 3 titrations, the amount of each of the 3 poly- 
thionates was calculated as follows : 

a = 8300 + 8,406 + 8506 =0.6725 millimol 
b= 8406 + 2 8506 = 1.3100 millimol 

0= 84O6 + S5O6 =0.6650 millimol 

Therefore, 

S3O6 = 0.6725 ~ 0.6650 = 0.0075 millimol 
84O6 = 2 (0.665) - 1.310 = 0.0200 millimol 
8506 = 1.310 - 0.665 = 0.6450 millimol. 

From the amount of pentathionic acid found in a 0.3 gm. sample, it was 
calculated that the salt contained 0.2923 gm. (0.645 times 453.17) of barium 
pentathionate (BaS506 * 3iH20). Therefore, the salt was about 97.4 per 
cent barium pentathionate. Further, the total amount of sulphur accounted 
for in the 0.6725 millimol of the polythionic acids was 0.1065 gm. By 
gravimetric methods, 0.306 gm. of the salt was found to contain 0.1075 gm. 
of sulphur. From this, it was calculated that 0.3 gm. contained 0.1054 gm. 
of sulphur. The discrepancy of 0.0011 gm. is attributed to experimental 
error. 

hydrophilic colloidal sulphur 

Hydrophilic colloidal sulphur has never been used extensively as a 
fungicide or an insecticide. Laboratory tests have shown that the spray is 
effective, but the cost of sulphur in this form always has been a limiting 
factor in its use. Usually, the colloidal sulphur has been coagulated, 
removed from the ‘^mother liquid,” and then dried. Tisdale (13) found 
that aged colloidal sulphur could not be easily suspended in water, and 
furthermore, he found that most of its toxicity to fungi was lost. 
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A snlplinr paste was prepared in this laboratory by a method in which 
the coagulating and centrifuging were omitted and the colloidal properties 
and the toxicity of the sulphur were not materially reduced. A hydrophilic 
colloidal suspension, containing sulphur and pentathionie acid, was reduced 
by evaporation to a thick paste. The pentathionie acid, which stabilizes 
the colloidal suspension and which is toxic to fungi, was retained in the 
paste. 

PEEPARATIOlSr OP COLLOIDAL SULPHUR 

The Wackenroder method, which employs the reaction of sulphur dioxide 
and hydrogen sulphide in water, was modified to some extent and used in 
the preparation of hydrophilic colloidal sulphur. 

The amounts, 40 1. of sulphur dioxide, 20 1. ,of hydrogen sulphide, and 
1 1. of water, were chosen arbitrarily for the experiment. One half of the 
sulphur dioxide was introduced into the water. The temperature was low- 
ered to 10^ C. and held near this point during the entire procedure. Then, 
5 1. of gas, consisting of equal parts, by volume, of sulphur dioxide and 
hydrogen sulphide, were bubbled into the sulphurous acid at the rate of 
10 1. per hour. The gas was then shut off, and the suspension was allowed 
to stand 2 hours. This procedure was repeated 8 times. 

All of the gas that escaped from the reaction chamber during the process 
was collected over glycerine and later returned to the suspension. After 
all of the gas was consumed, the suspension was allowed to stand overnight. 
During this time some sulphur dioxide was formed. A large quantity of 
sulphur settled out, but the suspension remained sulphur yellow. More 
sulphur dioxide was formed when the suspension was removed from the ice 
bath. This gas was driven off by aeration and collected in an iodine solu- 
tion for quantitative determination. 

The suspension was transf erred to a weighed porcelain evaporating dish 
and placed in front of an electric fan. During the evaporation process the 
temperature never exceeded 35° C. By this method the water was driven 
off until a thick paste, weighing 125 gm. was formed. At this time a faint 
odor of sulphur dioxide was noticeable. However, the amount was so small 
that it was not considered in the subsequent quantitative analyses. 

Qualitative tests showed that the paste contained sulphur, and sulphur- 
ous (and possibly thiosulphurie), sulphuric, pentathionie, and traces of 
other polythionic acids. The amounts of the sulphur and the various acids 
were determined by the method described earlier in this paper. 

The results of the quantitative analyses are tabulated in table 3. 

The results from 3 experiments show that such a paste, on an average, is 
about 68 per cent sulphur, about 69 per cent of the sulphur being in a fke 
state and 31 per cent, combined in ions of the various acids. 
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TABLE 3. — Amounts of sulphur and sulphurous (and possibly thiosulphuric) suh 
phuriCj and polythionic acids in 1S5 gm. of colloidal sulphur paste prepared from about 
40 1. of sulphur dioxide, 20 1. of hydrogen sulphide, and 1 1. of water 


Test 

Grams of sulphur in source 
materials 

Grams of sulphur in the various 
constituents of the paste 


SO, 

H,S 

Total S. 

HoSOa 

ILSO, 

H^SsOe 

Free S. 

1 

57.1 

28.5 , 

85.6 

0.05 

0.13 

26.06 

59.21 

2 

56.7 

28.5 

85.2 

0.03 

0.08 

26.02 

58.74 

3 

58.2 

28.5 

86.7 

0.07 

0.17 

26.49 

59.19 

Total 

172.0 : 

85.5 

257.5 

0.15 

0.38 

78.57 : 

177.14 

Percentage of sulphur 

0.06 

0.15 

30.5 

68.8 


Stated in a more general way, the paste is composed of free sulphur (47 
per cent), pentathionie acid with traces of other acids (34 per cent), and 
water (19 per cent). 

PHYSICAL PROPERTIES OF COLLOIDAL SULPHUR 

The sulphur dioxide, formed when the suspension was reduced to a 
paste, was apparently a decomposition product of the polythionic acids. 
The amount of the gas was greatly increased when the paste was left 
exposed to the air for a day. But, the formation of the gas almost ceased 
when the paste was sealed in an air-tight container. Paste that was exposed 
to air gradually lost its colloidal properties and was not easily peptized in 
water. Moreover, the sulphur wdien eompletely dried could not be freely 
suspended in water, even after much tedious grinding. When left in the 
dry state, the sulphur eventually crystallized into the rhombic sulphur form, 

A suspension made up of 1 gm. of paste in 500 cc. of water w^as creamy 
wliite in appearance, free from the odor of sulphur dioxide, and very stable 
in nature. A suspension kept in the laboratory for 3 months retained its 
normal appearance and very little sulphur settled out. The colloidal prop- 
erties were not destroyed by small amounts of lead arsenate and potassium 
fish-oil soap. It was necessary to dissolve the soap in the water before the 
sulphur paste was added. 

COLLOIDAL SULPHUR PASTE FOR COMMERCIAL USE 

The quantities of the materials used and the procedures followed 
throughout this investigation were chosen without consideration of the time 
involved. Preliminary tests had shown that, by the methods used, a maxi- 
mum amount of pentathionie acid could be produced. 

In some other tests a slight modification was made by bubbling hydrogen 
sulphide into a concentrated solution of sulphurous acid. It seemed prac- 
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tieable to then irLtrodiiee more of each of the gases, the sulphur dioxide 
always being in excess, until a thick creamy suspension was formed. A 
great reduction in the time required for the evaporation was thus eifected. 
It was found, however, that by this short method the relative amount of 
pentathionic acid was reduced. When, to hasten evaporation, the tempera- 
ture was raised, the separation of sulphur was increased, but the time 
required for concentrating the suspension to a paste was greatly reduced. 
Whether or not the time and labor saved by the use of these methods com- 
pensate for the decrease in the relative amount of pentathionic acid in the 
paste has not been determined. 

TOXICITY OF PENTATHIONIC ACID AND COLLOIDAL SULPHUR 

Many tests were made to determine the effect of pentathionic acid on 3 
biological forms — fungi, bacteria, and insects — all of which ma^^ be detri- 
mental to agricultural crops. 

Plant Pathogenic Fungi 

Nine pathogenic fungi, each of which sporulated readily on potato- 
dextrose agar, were chosen for toxicity tests. In each ease the fungus was 
transferred to the middle of an agar plate. The plate was then placed in a 
constant-temperature chamber until the fungus produced an abundant sup- 
ply of conidia. About 10 ce. of a slightly buffered (pH 5.4) sodium 
hydroxide-phosphoric acid-mannite solution were poured onto the fungous 
colony and spread around with a glass rod. The suspension was then 
diluted with more of the solution until a low-power microscope field con- 
tained about 100 spores. 

A solution of pentathionic acid, prepared from barium pentathionate, 
was made twice as strong as was desired for the toxicity tests. Two cubic 
centimeters of the spore suspension and the same volume of the acid were 
transferred to a test-tube. By means of a small glass rod a small drop of 
the spore suspension-acid was spread in a thin film on each of 4 cover slips. 
The slips were then inverted over glass rings contained in a Petri plate. 
The excess of the spore suspension-acid was poured into the bottom of the 
plate. By this means a vapor-pressure equilibrium was maintained within 
the germination chamber. The set was then placed in a constant-tempera- 
ture chamber adjusted to 23° C. 

With but two exceptions, the percentages of spore germination were 
determined at the end of 18 hours by counting individual spores under the 
low power of the microscope. Yerticillium albo-atrum and Phomopsis sp. 
required 48 hours for satisfactory germination. A spore without, or with 
a very short dead, germ tube was recorded as not germinated. 

The results of the tests show that pentathionic acid is very toxic to the 
spores of the 9 pathogenic fungi tested, whereas sulphuric acid of the same 
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TABLE 4 . — Toxicity of pentatMonic acid to spores of pathogenic fungi in a buffer- 

mannite solution 


Pathogenic fungi that 
were tested 

Germination 

Ha 

.0068 N. 

S 5 O 0 

.00068 

H,S04 

.0068 ]sr. 


Per ct. 

Per ct. 

Per ct. 

Sclerotinia cinerea 

0.0 

60.0 

97.1 

Phomopsis sp 

0.0 

67.5 

87.4 

y erticillium albo-atrum 

0.0 

20.8 

98.6 

Graphium ulmi 

0.0 

8.7 

70.9 

Glomerella cingulata 

0.0 

71.3 

1 91.3 

Botrytis cinerea 

0.0 

97.0 

1 98.3 

Fusarium monifiliforme 

3.3 

43.9 

89.1 

Thielavia basicola 

0.0 

29.1 

69.9 

Phoma pomi 

0.0 

55.1 

i 96.8 

i 


normality shows no marked toxicity to the spores of the organisms. The 
presence of mannite in the solution evidently made conditions more favor- 
able for germination of Sclerotinia cinerea spores, and, consequently, about 
twice the usual amount (6) of pentathionic acid was required to prevent 
germination. 

Plant Pathogenic Bacteria 

Three species of bacteria — Phytomonas pruni, Erwinia amylovora, and 
P. tumefaciens — were used in the tests. Eighteen to 24-hour-old cultures 
were used because at this age the organisms were probably at their most 
active and vigorous stage of growth. The toxicity of pentathionic acid to 
these bacteria was tested by the Rideal-Walker method (9), modified in a 
few respects. Instead of only 0.1 cc. of culture 0.5 cc. was introduced into 
the solution the toxicity of which was to be determined. 

The pentathionic acid for the tests was prepared from the barium salt 
by precipitating out the barium as a sulphate. The toxicity of phenol was 
determined by the same modified method. The following formula was used 
in calculating the phenol coefficient of pentathionic acid. 

=Phenol coeff . 

a 

In tLe formula, and represent the dilutions of pentathionic acid re- 
quired to kill in 2^ and 15 minutes, respectively, whereas S, and repre- 
sent the dilution of phenol in similar tests. 
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TABLE 5. — Toxicity of pentathionic acid to Phytomonas prun% JErwinia amylovora, 
and P. tumefaciens; and ttie phenol coefficients 


ISTame of organism 

Dilution of pentathionic acid necessary 
to kill 

Phenol 

coeff. 

minutes 

15 minutes 

P. pruni 

1-3,000 

1-15,000 

77.50 

Pr. amylovora 

1- 500 

o 

o 

r-l 

1 

rH 

6.25 

P. tumefaciens 

1- 500 

1- 2,000 

11.46 


The grams of the acid and the number of cubic centimeters of water 
necessary to make the dilutions that were required to kill the bacteria in 
2-| and 15 minutes, together with the phenol coefficients, are given in table 
5. The results of some preliminary tests indicate that sulphuric acid also 
is toxic to these bacteria. The toxicity of the sulphuric acid, however, is 
apparently due to the hydrogen ion, as, in tests in which buffered solutions 
were used, no toxicity was apparent. On the other hand, pentathionic acid 
exerted a toxic action 2 to 6 times greater than did sulphuric acid. It is 
concluded that the pentathionate radical of pentathionic acid is very toxic 
to these plant pathogens.^ 

Plant Lice 

The experiments of O’Kane and Conklin (7) were called to the atten- 
tion of the writer about the time similar work on fungi had been completed. 
These entomologists, in their studies on the toxicity of lime sulphur to San 
J ose and oyster-shell scales, found that there was neither enough hydrogen 
sulphide nor sulphur dioxide evolved from lime sulphur to kill the insects. 
The failure of these sulphur compounds suggested the testing of penta- 
thionic acid. 

Three common species^ of aphids — the bean aphis {Aphis riumicis 
Linn.), the cucumber aphis {A. gossypi Glover), and the Spiraea aphis (A, 
spiraecola Patch) — ^were used in tests to indicate the value of pentathionic 
acid as an insecticide. Small plants or twigs infested with aphids were 
brought into the laboratory and set up in distilled water. In each test, the 
host and the aphids on it were thoroughly sprayed with either pentathionic 
acid, nicotine sulphate, or water. Potash fish-oal soap (0.5 per cent) was 
used as a spreader in all of the sprays. 

About 24 hours after the application of the spray, counts were made of 
the aphids, those not responding to the touch of a needle point being con- 
sidered dead. The numbers of insects, dead and alive, that dropped from 
the plants and of those that remained on the plants are given in table 6. 

2 The toxicity of the acid solutions, prepared by the writer, and of phenol was de- 
termined by B. 0. Thomas, Department of Botany and Plant Pathology. 

3 Determined by C. B. Outright, Department of Entomology, Ohio Agricultural Ex- 
periment Station, Wooster, Ohio. 
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TABLE 6 . — Toxicity of pentatMonic acid and of nicotine sulphate to 3 species of 

plant lice 


Species of aphids and the matexials 
tested 

Dropped from 
plant 

Bemaining on 
plant 

Dead 

Alive 

Dead 

Alive 

Dead 






per cent 

Cucumber aphis on cucumber 






0.02 per cent nicotine sulphate 

0 

5 

9 

210 

95.9 

0.02 ‘‘ pentathionic acid 

3 

7 

116 

102 

45.8 

0.05 '' '' 

3 

12 

17 

197 

91.3 

Distilled water check 

5 

1 

197 

2 

1.5 

Bean aphis on Euonymus 






0.02 per cent nicotine sulphate 

1 

7 

9 

302 

96.9 

0.02 “ ' ^ pentathionic acid 

11 

7 

37 

246 

84.0 

0.05 '' '' '' '' 

2 

14 

7 

302 

97.2 

Distilled water check 

3 

0 

180 

1 ^ 

3.8 

Spiraea aphis on Spiraea 






0.02 per cent nicotine sulphate 

15 

15 

12 

296 

92.0 

0.02 pentathionic acid 

9 

2 

19 

347 

94.6 

Distilled water check 

13 

10 

217 

12 

8.7 


Plants sprayed May 30, 1930, 10 a. m. Counted May 31, 11,30 a. m. 


The results of these preliminary experiments indicate that pentathionic 
acid is very toxic to plant lice. It appears to be about i as toxic as nicotine 
sulphate to the cucnniber aphis and equal to the nicotine spray in the con- 
trol of the Spiraea aphis. 

The Effect of Pentathionic Acid on. Earthworms 
Some preliminary tests on the effect of pentathionic acid on earthworms 
were made by H. F. Dietz, Research Fellow, Department of Entomology. 
He found that a 0.5 per cent solution of the acid was capable of killing the 
worms in an hour. A reducing action of the pentathionic acid was indi- 
cated by the bleaching of the worms. He further observed that, from the 
standpoint of the time necessary to kill, the acid compares favorably with 
pyrethrum. 

Colloidal Sulphur as a Fungicide 

On the following pages are given the results of some preliminary tests 
on the effect of colloidal sulphur on the apple scab (Venturia inaequalis), 
the bitter rot of apple {Glomerella cingulata), and the damping-off of 
tomsito (Pythium deharyanum), organisms. No conclusions are drawn 
from the meager results. They are given here merely to indicate some of 
the possibilities of hydrophilic colloidal sulphur. 
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Yenturia inaequalis 

Tests of tlie toxicity of pentathionie acid to the ascospores of Yenturia 
inaequalis were the only ones in which the perfect stage of a fungus was 
used. 

Small apple trees, growing in the greenhouse, were sprayed with col- 
loidal sulphur varying in strength from ^ to 3 lb. to 50 gal. of water. On 
the following day leaves that had been thoroughly sprayed were brought 
into the laboratory, washed in a steady stream of water for 10 minutes, and 
then placed in the bottom of a Petri plate. An old apple leaf bearing ma- 
ture ascospores was fastened by a wet filter paper in the top of the plate. 
The leaves were held in this position for 5 hours, during which time asco- 
spores were discharged from the old leaf onto the sprayed leaf. The source 
of inoculum was then removed and the plate was set away at 23° C. for 24 
hours. Apple leaves sprayed with dry lime-sulphur, 3 lb. to 50 gal. of 
water, and treated in the same way, were employed in control tests. At 
the end of the germination period the percentage of germination was deter- 
mined, as described earlier. 

TABLE 7 . — The toxicity of colloidal sulphur and Iwie-sulphur, sprayed on apple leaves, 
to Venturia inaequalis ascospores 


Types and concentrations of sprays and percentage germination 


JLtiStS 

D.L-S. 3# 1 

0.8.U 

O.S. 1$ 

C.S. li# 

C.S.2#^ : 

O.S. 2i# 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

1 

4.6 

47.2 

17.3 

7.4 

2.1 

0.0 

2 

10.6 

31.4 

21.9 

6.4 1 

0.0 

0.0 

3 

5.1 

44.0 

30.7 

2.1 ’ 

0.0 

0.0 


The results of 3 quadruple tests, given in table 7, indicate that colloidal 
sulphur, 1.5 lb. to 50 gal., is as toxic to ascospores of Yenturia inaequalis 
as dry lime-sulphur, 3 lb. to 50 gal. It should be remembered that the 
sprayed leaves -were subjected to -washing for 10 minutes in a steady flow 
of water. In the tests neither of the 2 types of sprays caused noticeable 
injury to the apple leaves. 

Qlomerella cingulata 

Leaves for this experiment were sprayed and treated in the same 
manner as in the preceding one, except that wettable sulphur instead of 
lime sulphur was used in the checks. After the leaves were washed, they 
were sprayed with a spore suspension of Qlomerella cingulata. After 24 
hours, no germination had oeeurred on the leaves sprayed with colloidal 
sulphur, 2 and 3 lb. to 50 gal., whereas on leaves sprayed with the same 
amounts of wettable sulphur over 50 per cent of the spores had germinated. 
Here, again, no injury to the apple leaves was apparent. 
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Pythmm debaryanum 

In an effort to control damping-off of tomato seedlings 3 tests were made. 
In one test the seeds were dipped in a heavy suspension of ’ colloidal sulphur 
to which alcohol had been added. The seeds w^ere then dried and planted 
in soil contaminated 'with Pythium debaryanum. In another test, the soil 
was thoroughly soaked with a colloidal sulphur suspension. After the soil 
was dry again, tomato seeds were planted in it. 

Although the third test does not include the use of colloidal sulphur, 
it is included here because Babson (11) has shown that when sodium thio- 
sulphate is applied to soil rich in organic matter about 80 per cent of it is 
transformed to pentathionic acid. On the basis of this, a 1 per cent mixture 
of sodium thiosulphate and soil infected 'with Pythium debaryanum was 
made up and planted with tomato seeds. 

In all 3 of the tests the stand of tomato seedlings was improved by the 
respective treatments. There was some e^hdence of seed injury in the first 
and third tests, but it was not severe enough to be a limiting factor. 

SUMMARY AND CONCLUSIONS 

Sodium, barium, and potassium pentathionates were prepared from 
concentrated acid formed by the action of hydrochloric acid on sodium 
thiosulphate. These salts are stable when thoroughly dried and kept at 
room temperature. In the presence of moisture they break down, forming, 
among other products, sulphur and sulphur dioxide. 

The optical properties of the barium and potassium salts agree with the 
descriptions and measurements of the pentathionate salts of the elements. 
The optical properties of the sodium pentathionate, have been determined 
by V. H. Morris. 

By gravimetric methods, the various salts were found to be from 95 to 
98 per cent pure with reference to the amounts of the basic elements and 
the sulphur. 

On standing, a concentrated solution of pentathionic acid slowly decom- 
posed, forming free sulphur and sulphur dioxide. However, dilute solu- 
tions showed only slight decomposition after standing 6 months. 

By volumetric titrations ,the acid prepared from barium pentathionate 
was found to be about 1 per cent trithionic, 3 per cent tetrathionic, and 96 
per cent pentathionic. 

A suspension of hydrophilic colloidal sulphur, prepared by the sulphur 
dioxide-hydrogen sulphide method, w^hen reduced to a paste, was found to 
contain about 47 per cent free sulphur, 34 per cent pentathionic acid, and 
19 per cent water. 

Sulphur dioxide was formed when the paste was exposed to air. When 
sealed in an air-tight container, the product seemed quite stable. A spray 
suspension, 3 lb. of paste to 50 gal. of water, did not smell of sulphur 
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dioxide. In such a spray tlie sulplinr remained in good suspension for 3 
months. 

PentatMonie acid was found to be toxic, to different degrees, to 9 
pathogenic fungi, 3 bacterial pathogens, 3 species^ of plant lice, and to 
earthworms. 

Hydrophilic colloidal sulphur was found to be toxic tO' 3 plant-patho- 
genic fungi. In consideration of the strength of pentathionic acid neces- 
sary to kill or inhibit growth of the organisms and the amount of penta- 
thionic acid in the sulphur paste, the following deductions, were made. A 
spray made up of 3 lb. of paste to 50 gal. of water contained 3 times as 
much pentathionic acid as was required to prevent germination of the 
spores of the bitter-rot fungus {Glonierella cingtclata)^ 8 times the amount 
necessary to inhibit gro^vth of the fire-blight organism (Erwinia amylovora) , 
and 12.5 times the amount that killed 1 species of the apple aphis {Aphis 
spiraea). 
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THE ANATOMY OP THE ^H^EOEPOEK-DISEASED’^ LEAP OP 
NICOTIANA TABACUM AND OP ZINNIA ELEGANS 

L . C . P . K E R L I N G 
(Accepted for publication May 4, 1932) 

Prom Dr. T. H. Thiing, pliytopatliologist at the Experimental Station 
^'voor Vorstenlandsche Tabak” at Klaten, I received leaves of Kroepoek- 
diseased tobacco plants, used by him in his research on the s^nnptoms and 
cause of this disease. 

The diseased leaves have fantastically bent veins; Jensen (3, p. 51), who 
gives a short description of this disease, says that the leaf has the appear- 
ance ^^as of being kneaded and wrinkled in a hand, and again partly 
unfolded from itself.’’ This is the reason that this disease ivas named 
‘^Kroepoek,” after a well-known Indian dish. Many investigators have 
described it. For a complete list of literature I may refer to a paper of 
Dr. Thung, which will appear shortly.^ 

The cause of the Kroepoek of tobacco is a virus, which can be transferred 
from diseased to healthy plants by grafting or direct organic connection. 
The vector was discovered only recently almost simultaneously by Storey 
(8) at Amani in East Africa and by Thung at Klaten. It is a white fly 
of the family Aleurodidae and the genus Bemisia. The insects could induce 
the symptoms of Kroepoek on healthy plants in insect-proof houses. 

Aleurodidae were also noticed on many weeds, but the identity of these 
with the ones on tobacco could not yet be settled. Many plants have disease 
symptoms coinciding with those of the Kroepoek: thus I found at Djokja- 
karta, in various gardens, zinnias with thickened and curled leaves. 

Thung^ transf erred 2 white flies of a diseased zinnia to healthy tobacco 
plants in a greenhouse. After 14 days the tobacco had the Kroepoek dis- 
ease. The same virus thus induces the symptoms of the disease on both 
of these plants. 

The appearance of the Kroepoek-diseased leaves has been already re- 
peatedly described by various investigators. A short repetition will here, 
however, not be superfluous, in order to connect definitely the macroseopic 
and microscopic symptoms. 

MACEOSOOPIC SYMPTOMS OF THE DISEASED TOBACCO LEAF 

Thung^ distinguishes 3 principal types, which produce constant symp- 
toms by inoculation, independent of incidental circumstances. Also, in 

1 Tliis paper will be published m Mededeeling van het Troef station voor Vorsten- 
landsclie Ta’ba'k. Dr. Thung was so kind as to give me much information concerning 
the disease, for which I wish to express here many thanks to him. 
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transferring tliem by means of the white flies, each type retained its indi- 
yiduality. 

Type a: the most common Kroepo eh. The deviations are visible on both 
sides of the lamina. At the npperside the leaf sometimes exhibits over the 
whole length a downward-pointed nod due to the curving of the lateral 
veins of the first order. The midvein also may be curved. The ultimate 
branches of vascular network of the leaf are locally sunken, so that shallow 
furrows occur. On the underside of the leaf the curved veins present a 
fantastic course, their surface is irregular (Pig. 1, B), The more minute 
veins produce swellings to the end that even the most minute branches 
become thus involved. The swellings look like round or somewhat elon- 
gated, often irregular knobs and the original course of the vein remains 
visible in the thickening (Pig. 1, A) . Sometimes the large and the small 




Fig. 1. Common Kroepoek of tobacco. A. Portion of leaf. B. Cup-like outgrowth of 
the main vein of a tobacco leaf. 

veins form together a thickened network. The veins of the first order 
especially protrude like thick cords above the leaf. The swellings very 
often enlarge, mostly at both sides of a vein, so that they form a protruding 
margin, which is loose from the lamina. These margins stand oblique 
upwards, so that a second lamina, 2-14 mm. long, is formed, adjoining the 
original one and having with this a common vein (Pig. 1, A). The original 
lamina and the new one are in all cases situated with their undersides 
against each other as can be distinctly seen in the veins of the new, secon- 
dary lamina. The largest secondary leaflets are chiefly situated near the 
midrib and at the lateral veins of the first order. They are of very irregu- 
lar form,^ sometimes somewhat oblong, mostly elongated along a vein until 
18 mm. in length. The margins are irregularly lobed or crisped, often 
curled and sometimes locally grown together with the vein from wdiich the 
leaflet issues. In a single case the leaflet transverses the vein. Often a 
second, smaller lamina develops under the new one, grown together at the 
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Eig. 2. Leaf" and cni>like outgrowtlis from the main vein of tobacco. 

base and -with the margins with the first one, so that a pocket-like appendix 
arises. 

In the strongest deviated cases this distorted part elongates to a flat 
broad stalk on which a cup-like lamina is situated (Fig. 2) . In the extreme 
cases the stalk is 1 cm. long, narrow, and supports a pocket-like lamina of a 
leaf form, like that of the original leaf (Fig. 1, B). The old and new 
laminae are connected only at the junction of the new ‘^petiole.’’ The new 
laminae have thickened veins similar to those of the diseased original leaf. 

Type I: the curl disease. Especially the top leaves have regularly 
downward-curled margins, whereas the mesophyll between the veins pro- 
trudes convexly upwards. The main and lateral veins of the first order are 
not contorted or bent downward; the thickenings of the vein on the under- 
side are more regularly spread over the whole lamina. This type is not 
further investigated here. 

Type G: the clear KroepoeJc. The margins of the leaf are turned up- 
ward. The main and lateral veins, w^hich remain shorter than normal, 
have small thickenings ^^as if they are somewhat laced by a thread’^ 
(Thung). Some tertiai^y veins look somewhat transparent. Thickenings 
of the veins and secondary leaflets do not, however, occur here; this type 
differs from the preceding two. 

TECHNIQUE # 

For the anatomical investigation fresh leaves were cut and also material 
fixed in alcohol was used. Diseased and healthy leaves of tobacco as well 
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as of zinnia were always treated in the same way; they were gathered at 
the same hour, the sections were treated alike. Some sections were treated 
with^ I. I. K., others with phloroglucin and HCl, with fuchsin or with 
gentian violet. Those treated with fuchsin were imbedded in Canada 
balsam, those with gentian violet in Hoyer’s imbedding liquid. 

THE “common KROEPOEK/’ ITS MICROSCOPIC CHARACTERS 

a,. Portions of a, diseased leaf, which show neither external nor anatomi- 
cal changes. Contradictory to healthy leaves, the diseased ones gathered at 
6 o’clock a. m. contain much starch in the spongy as well as in the palisade 
parenchyma. This phenomenon also occurs in leaves without distinct 
anatomical deviations. 

&. Slight attack of the lamina. The sections were taken of portions 
attacked as shown in figure 1, A. Whereas the normal lamina has a uni- 
form thickness of ± 150 p throughout, the diseased one has at the under- 
side irregular curvatures, and always where vessels are to be found. The 
thickenings may occur at the ends of those veins comprising only a few 
vessels and whose diameter is there ± 200 p. Under a small vein the 
normal leaf has 2 to 3 layers of spongy parenchyma cells of irregular form 
and with large intercellular spaces. The cells of the undermost row are 
somewhat more connected together and are elongated in the direction of 
the epidermis, d= 30 p long and ± 15 p high. The spongy parenchyma 
cells of the diseased leaf are more connected together, those of the under- 
most row are elongated at right angles to the epidermis, and are ± 30 p 
high. Thus, a new palisade layer is formed, lower, however, than that of 
the upper side, which is ± 60 p high. Through these changes the 
curls upward, whereby the afore-mentioned sunken parts on the upper side 
are produced. The changes of the very small veins are in the main the 
same as those of the large ones. 

c. Shght attack of the midrib and of the lateral veins of the first order. 
Leaves gathered at 6 a. m. contain a great quantity of starch in the medul- 
lary rays, the cambiform cells, in the cells of the pericycle and of the cortex 
parenchyma. Besides externally healthy looking portions of diseased 
leaves may already have anatomical deviations, which become more distinct 
in the neighborhood of the curled parts and of those bearing secondary 

xviclXitJLo* 

The pericycle of normal leaves is, at the under side of the stele not 
more than 2, at the utmost 3, cells wide. The primary phloem is situated 
in smaU groups at regular distances (Pig. 3, A) . The diseased leaves have 
^ ^argements that arise through strong division of the cambium cells 
mile a cambium cell of the normal leaf does not form more than 1 to 3 
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Pig. 3. Transverse sections of veins of tobacco leaf. A. Prom normal leaf: a, 
secondary xyleni; b, cambium; e, primary phloem; d, pericycle; e, endodermis. x295. 
B. Prom leaf showing beginning of common Kroepoek. x 210. Small letters have the 
same meaning as in A. However, the phloem was scattered, the pericycle was flattened, 
and the endodermis contained much starch. 


rows of tissue at tlie outer side, the eambium of the diseased leaf forms 
radial rows of 5 to 7 cells. The small groups of primary phloem are no 
longer to he distinguished separately; they are united to complexes of 
irregularly placed sieve tubes and companion cells (Pig. 3, B). The sieve 
tubes are sometimes easily recognized by a sieve plate. The cells of the 
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perieycle also diyide irregularly; small cells arise, some of wliicli are 
strongly flattened. The endod.ermis of the diseased leaYes remains easily 
distinguishable by the many large starch grains. Those of the healthy 
full-grown leaf are smaller ; also, there are fewer cells with starch grains. 
At the -upper side of the stele the intraxylary phloem behaves likewise; 
large irregular groups are formed. Because of the strong tension, sehizo- 
genous holes may arise in the perieycle (Pig. 4, A). There are here no 
other changes inside the endodermis. 



Pig. 4. Transverse seetions of veins of tobacco leaf. A. Beginning of attack. 
x295. B. Beginning of secondary leaflets, x 215. Small letters have same meaning 
in both parts of the figure, a, Palisade parenchyma; b, xylem; c, endodermis; d, pri- 
mary phloem; e, schizogenoiis cavities; f, crystal cell; g, epidermis with hairs; h, 
stomata; i, secondary phloem; j, perieycle; k, spongy tissue. 

d. Sections of a distinctly deviating part of the main vein. At the 
under side of the stele phloem proliferations are to be seen at one or more 
places, which may lead to irregular curving of the endodermis. Between 
and also within the proliferations, which consist chiefly of small cells with 
sieve tubes and companion cells, there remain strips of thin-wall tissue 
adjoining the medullary rays and the ends of the original cambium layer. 
The cells of these strips are irregularly situated; sometimes small rows of 
2 to 3 cells occur. 

In the midst of these proliferations small woody vessels arise without 
forming a distinct cambium. After some time circular cambia occur, pro- 
ducing new secondary xylem against the small woody vessels and outwardly 
forming secondary phloem. The primary phloem remains outside this. 
The cambia arise in the above-mentioned tissue strips (Fig. 4, B, and 5). 

In a longitudinal section a distinct connection between the cambia of the 
old and of the new steles was sometimes observed, also the xylem parts may 
sometimes be connected by a series of small, narrow vessels. In a prolif- 
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Pig. 5. Transverse section of part of a vein of a tobacco leaf witli newly formed 
stele and scMzogenous cavity. x295. a, Secondary xylem; b, cambium; c, primary 
phloem; d, rest pericycle; e, endodermis; f, newly formed xylem vessels; g, newly 
formed cambium. 

eration, however, the new strands have, for the greater part, a course inde- 
pendent of the old ones. 

The new steles may becomes ±: 160 p in diameter. They remain entirely 
within the pericycle. As they increase they cause larger tensions in the 
surrounding tissue; nonproliferating cells of the pericycle are either flat- 
tened or torn (Fig. 5). In the latter case large schizogenous holes of 



Pig. 6 . Transverse sections of main veins of tobacco leaf. Por explanation see 
figure 4. x20. A. Slightly diseased. At the right there are 2 secondary leaflets. 
B. Severely diseased. At the left there are 2 loose and at the right 2 joint secondary 
leaflets. 
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irregular form arise. The endodermis is now very strongly transformed. 
If the new steles arise one-sided, then the midrib curves as described above. 

The new steles are not always round; often the radial rows disperse 
flabellately from the point where the first and smallest vessels are found. 
The cambium of the steles situated at the sides of the vein opens and runs 
parallel to the original cambium of the main stele (Pig. 6, A). However, 
the new secondary xylem is formed here at the dorsal side of the leaf and 
the secondary phloem at the ventral side. In the latter case the secondary 
phloem adjoins the original primary phloem. In this reverse orientation 
the new stele proceeds towards the laterally rising secondary leaf (Pig. 6). 

The first-formed primary phloem of the proliferations takes the place 
of the intraxylary phloem of the normal veins. In longitudinal sections 
the sieve tubes of the original primary phloem appear to have changed 
beyond recognition: division walls arise (Pig. 7, C). The sieve tubes 



Pig. 7. A. Longitudinal section of part of a vascular bundle in a normal leaf of 
tobacco. X 295. a, Sieve tube; b, companion cell; c, spiral vessel. B. Transverse sec- 
tion of the stele of the cup-like outgrowth shown in figure 1, B. For an explanation 
see figure 4, B. x 115. C. Longitudinal section of part of a sieve tube in a new stele. 
x450. a, Primaiy phloem; b, secondary phloem. 

formed by tbe new cambium are elongated and narrow : 3 to 5 (j wide and 
,±; 60 |j long. The sieve tubes of the normal leaf are ± 14 n wide and 
± 140 (i long (Fig. 7, A) . The cortex parenchyma of a severely infested 
part has extended irregularly, especially at the under side where at both 
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sides sometimes two lobes have developed. They then form the macroscopi- 
cally visible thickening of the veins between which the original course of 
the vein remains visible because of the unchanged median part. They are 
often more developed on one side than the other (Pig. 4, B). It also 
happens that only one lobe is situated in the median part or at the lateral 
side of the vein, wdiich may be of very irregular form through the occur- 
rence of folds. The lobes can develop into secondary leaflets that then 
obtain their above-described irregular arrangement. By the strong exten- 
sion of the vein on the underside the parts of the original lamina form at 
both ends of the vein a more acute angle with each other than is the case 
in the normal leaf. Thus the above-described sunken parts, arise. Further- 
more, the cortex parenchyma of the upper side is often higher than normal, 
which probably causes the development of thickened veins on the upper 
side in the midst of a sunken part. 

A normal vein has 5 to 6 rows of collenchyma cells adjoining the epi- 
dermis ; the middle cells contain a few chloroplasts, those at the sides some 
more. The epidermal cells are here 30 to 40 [x wide ; only a few stomata 
occur. They are situated in the same plane. The cortex parenchyma cells 
of the diseased leaf are unchanged, as is the number of crystal cells, but 
the layer of collenchyma is strongly reduced or has quite disappeared. 
Especially in the lobes, its place is taken by one 6r more rows of paren- 
chyma cells containing many chloroplasts. 

These cells are closely arranged ; those of the outer row are elongated 
in a direction perpendicular to the epidermis. They form the transition 
to the palisade parenchyma that develops in the new lamina (Pigs. 4, B 
and 6). Adjoining this tissue small vascular bundles are situated, some- 
times at regular distances. They are in connection with the steles inside 
the pericycle and proceed later in the secondary leaflets. The epidermal 
cells have divided until they are only 8-12 jj wide. Especially at the 
lobes, many stomata occur. Sometimes the epidermis exists locally only of 
hair-like cells and stomata with their adjacent cells. The last ones are 
directed outwards, so that the stomata themselves protrude above the epi- 
dermis (Fig. 4, B), The substomatal cavities are larger than those of the 
normal leaf. 

6, Development of the new lamina. If the two folds develop on both 
sides 4 new laminae arise. In most eases, however, only one fold on the 
left and one on the right side develop. Sometimes 2 laminae develop at one 
side and it may also occur that a lobe develops unequally so that it divides 
at some distance out on the midrib into 2 lobes. Thus the phenomenon of 
the stalked new lamina occurs (Pig. 1, B) . If the splitting of the lobe takes 
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place only in tlie middle and the margins keep togetlier, then the new lamina 
assumes the pocket or cup-like foxmi, as described before. 

The structure of the secondary leaflets is like that of the original lamina. 
They are, however, always situated with the similar tissues towards each 
other and towards the old lamina. The leaflets just under the original leaf 
turn the spongy parenchyma upwards, the palisade tissue downwards. 
The above described new steles, which are also situated upside-dowm, pro- 
ceed in the leaflets and form the veins (Pig. 6, A). If a second leaflet lies 
under the first secondary leaflet, then it has again the position of the old 
leaf, and the veins are situated normally. In all cases the xylem part is 
turned towards the morphological upper side of the leaflet, the sieve part 
towards the under side. 

MICROSCOPIC CHARACTER OF THE CLEAR KROEPOEK OP THE TOBACCO LEAP 

Leaves gathered early in the morning are quite free from starch. In 
transverse sections the primary venation shows irregular swelling on the 
under as well as on the upper side. In these swellings the xylem is 
wider because of the marked division of the cambium that protrudes there. 
In longitudinal section this protrusion appears to be caused by the swellings 
of the ends of the cells of the xylem vessels (Pig. 8, A) . The swollen ends 
of two cells are situated against each other. Also the secondary phloem is 
strongly developed. In contrast to the normal leaf (Pig. 3, A) a great 
number of sieve tubes and companion cells are here already formed (Pig. 8). 
The dimensions of these sieve tubes agree with those of normal ones. The 
primary phloem is flattened strongly, the sieve tubes are difficult to relocate 
in transverse sections. In longitudinal sections the cells are curved and 
often very narrow, except at the sieve plates. The walls are irregularly 
thickened (Pig. 9). The pericycle of the normal leaf is ±: 60 p wide; that 
of the diseased leaf zfc 250 p, which is due to the enlargements of the cells 
up to 120 p (Pig. 8, B). Between these strongly enlarged cells also flat- 
tened ones occur. 

The gigantic cells possess thin walls; sometimes the wall is still thick- 
ened at one side. The smaller cells have thick walls; the intercellular 
spaces are filled with the same yellow substance as that of the cell 'walls. 
The endodermis is hard to find, while starch grains occur only sporadically. 

The cortex parenchyma also shows local elongation of the cells in radial 
direction. Through this lengthening process other cells are sometimes 
flattened. In the enlarged cells division walls sometimes occur. The 
enlarged cells are often the most greatly swollen laterally. The cells turn 
these sides towards each other, so that local elevations are formed, causing 
the epidermis to protrude (Pig. 8, A). The result of this is the formation 
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of tlie irregular surface of the veins. The large cortical cells also are 
present in the veins of the second order and in smaller ones through which 
they obtain the “clear” appearance. The eollenchyma in the midrib 
remains unchanged ; it accompanies the epidermis, which covers the swell- 
ings. In the smaller veins the eollenchyma has disappeared ; also the epi- 
dermal cells may be somewhat enlarged. 



Fig. 8. Sections of veins of tobacco leaves with transparent Kroepoek. A. Longi- 
tudinal. X 115. a, Cell proliferation in the periejelej b, secondary phloem; c, swollen 
cells of xylem vessels. B. Transverse. x210. a, Secondary xylem; b, secondary 
phloem; c, flattened primary phloem; d, enlarged pericyele cells. 





186 


Phytopathology 


[VoL. 23 




Pig. 9. Longitudinal sections of veins of tobacco leaves with transparent Kroepoek. 
X 295. A shows transformed sieve tubes of the primary phloem. B shows a swollen 
sieve tube. In both parts of figure: a, sieve tube; b, companion cell. 

MACROSCOPIC CHARACTERS OP KROEPOEK-DISEASED LEAVES OP ZINNIA 

The stems and leaves remain abnormally short ; besides, the leaves are 
broader, thicker, and rougher. The cordate lobes are often so strongly 
developed that the lobes of a pair of opposite leaves are pressed against 
each other in folds and against the stem. 

On the upper side the diseased leaves are lighter green than the healthy 
ones ; sometimes only interveinal lighter spots occur. These parts protrude, 
then become convex upwards, while the dark green veins are sunken. This 
phenomenon is very striking, especially at the leaf base. The whole leaf 
becomes wrinkled. 

On the underside the color of the lamina is a pale greyish green, some- 
times silvery and shining. The finest veinlets and sometimes also some 
larger veins are less conspicuous than in the normal leaf, while they are 
sunken in the thickened mesophyll ; they are situated in a furrow. In most 
cases, however, the larger veins are swollen, especially those of the first and 
second order. They lie then like thick cords on the lamina. Where the 
swellings develop locally or are laterally situated the veins take on a 
crooked course. 

The disease symptoms can be found throughout the whole plant, some- 
times also in the bracts of the involucre and even in the petals. 

MICROSCOPIC CHARAOTEES OP THE DISEASED ZINNIA LEAP 

Whereas normal leaves (Fig. 10, A) are uniformly thick (it 250 y), 
the diseased ones are irregularly swollen, especially in the veins, to a thick- 
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Pig. 10. Transverse sections of zinnia leaves, x 115. A. Healthy. B. Affected with 
Kroepoek. a, Palisade tissue; b, spongy tissue; c, epidermis. Note that in B the 
palisade tissue is spongy and epidermal cells are enlarged. 

ness of it 500 p (Fig. 10, B). The epidermal cells of the normal leaf 
measure dz 30 |j, those of the diseased leaf are enlarged to zt 130 p. The 
healthy leaves possess at the upper side 2 rows of palisade parenchyma 
cells with small slit-like intercellular spaces; under these occiirs a loose 
spongy tissue of 3 to 4 rows of cells. The diseased leaf does not show much 
difference in structure between the under and the upper sides. The 
palisade parenchyma has more rounded cells than has the normal one ; the 
cells are not perpendicular to the epidermis, but are situated obliquely and 
are separated one from another. Especially the cells of the second row have 
fantastic forms and are not to be distinguished from those of the under- 
lying spongy parenchyma. The large intercellular spaces and epidermal 
cells give the leaf a light green color. Also, the spongy parenchsona cells 
are more dispersed and are larger than normal. Beneath a small vascular 
bundle the cells of the mesophyll are flabellately arranged; those of the 
diseased leaf separate and cause the semicircular swellings, as seen in 
section. The sections of the large veins are nearly square on the under 
side. The stele shows the same changes as those described for the common 
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Kroepoek of tlie tobacco plant; besides tbe original xylem and pliloein 
numerons new steles, sometimes as many as 9, are to be found inside the 
pericyele. Also, here the primary phloem has increased strongly and the 
pericycle is enlarged through cell division. The cells are very small. Each 
stele has a ring-like cambium. In the vein, however, neither palisade 
parenchyma nor secondary leaflets develop. 

In fresh sections sometimes inclusions of a brown granular substance 
occur. The partieles are globular and are situated sometimes in, sometimes 
between the cells of the diseased vein. 

. , .SUMMARY 

Both types of Kroepoek of the tobacco diifer from each other not only 
externally but also anatomically, although they are transferred by the 
same Aleurodide. The permanence of twn separate types in the infection 
experiments points to the fact that two different species of virus are con- 
cerned. The transparent Kroepoek^’ produces in the veins typical swell- 
ings of the ends of the xylem vessel- and sieve-tube cells and of the cells 
of the pericycle and of the cortex parenchyma. The sieve tubes are curved : 
the cell walls of the primary phloem as well as those of the pericycle are 
irregularly swollen. Much secondary phloem is present, which still seems 
to function. 

The ''common Kroepoek^’ is so very different that it remains a question 
whether the type with the transparent veins may even be considered as 
Kroepoek. The common Kroepoek of the tobacco and the Kroepoek of the 
zinnia agree in many respects. That of the zinnia can therefore be trans- 
ferred to tobacco by Aleurodidae. In the following points the anatomical 
deviations agree. 

1. Disturbed transport of sugar in tbe whole leaf, even in the external^ 
healthy looking parts. 

2. Increase of the primary phloem in the veins. 

3. Enlargement of the pericyele through cell division. 

4. Formation of new woody vessels, surrounded by a cambium so that 
new steles arise inside the old pericycle. 

5. Loss of the dorsoventrality of the leaf : In tobaeeo through formation 
of palisade parenchyma instead of spongy parenchyma ; in zinnia through 

formation of a loose, irregular palisade parenchyma with large intercellular 
spaces. 

Besides, palisade parenchyma and stomata are formed in the lobed veins 
of the tobacco ; later, the lobes develop into secondary leaflets in which the 
new steles proceed in reverse orientation. The new leaflets lie with the 
morphological underside against the underside of the old leaf. 
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If more lobes are developed, then tbe similar sides of the leaflets are 
always directed towards each other. 

Eemarkable is this formation of a new palisade tissue and of new 
laminae. The increased assimilation can only augment the quantity of 
starch. The quantity of calcium oxalate is not changed ; sections of dis- 
eased and of healthy veins contain an equal number of cells with crystals. 
This is in agreement with the experiments performed at the Experiment 
Station of Yorstenlandsche Tabak, which, proved that the proportion of 
inorganic substance of the Kroepoek-diseased leaf remains unchanged 
(Thung). 

The phenomenon of doubling of the lamina has long since been described. 
Morren (5) enumerates a number of cases in which secondary leaflets 
develop from the midrib, being directed with the corresponding sides 
towards the normal leaf. Schimper (7, p. 74) described a tobacco leaf with 
a stalked cup upon the midrib. Penzig (6) also mentions doubling of the 
lamina of tobacco with leaf reversion (Bd. Ill, p. 82) ; and he notes 
plants of other kinds with new formations on the midrib of the leaves 
both ventrally and dorsally, ^Svelche entweder die Gestalt von flaehen 
Oder concaven, bandformigen Blattchen, oder die von rohrigen, trichter- 
formigen, oben offenen, oft langgestielten Aseidien habeh.^’ (Bd. II, p. 
106) . This description quite agrees with the common Kroepoek of the 
tobacco. The cause of these teratologies, named by Masters (4) under 
^^Multiplication’’ and by Janse (2) under "‘splittingplienomena” is vari- 
ously sought. Janse supposes a deviation of the growth enzymes. A too 
large quantity might cause local proliferation. However, he does not solve 
the problem. Also Penzig looks for the cause in growth substances, wdiicli 
might give rise to abnormal formations under influence of external stimuli 
such as parasites or feeding abnormalities. Also Jost (1), on account of 
experiments of Goebel supposes that in the first place feeding affects the 
symmetry of the leaf. 

The question as to what is the cause of the teratologies is now in this case 
brought nearer to solution. The virus, transferred by the named Aleuro- 
dide causes the splitting of the tobacco leaf and also the loss of dorso- 
ventrality of the zinnia leaf. However, this does not in the least explain 
the function of the virus in the plant. The first visible deviation is an 
accumulation of starch. Perhaps in connection with this is an abnormal 
behavior of the sieve tubes. Also it is possible that the virus influences the 
growth substances or the enzymes present in the tissues. Which part the 
accumulation of food plays on the formation of the new steles and on the 
laminae and thus on the local loss of dorsoventrality has still yet to be 
investigated. 
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CYTOLOGICAL INVESTIGATIONS ON THE SPIKE DISEASE 
OP SANDAL, SANT ALUM ALBUM 
M.J.Naeasimhak^ 

(Accepted for publication April 23, 1932) 

INTRODUCTION 

It is 35 years since the investigation of this disease, which has been 
estimated to cause a loss of nearly 6 to 7 lakhs of rupees in Southern India, 
engaged the serious attention of scientists and forest officers. Many theo- 
ries had been put forward to explain the etiology of the spike disease of 
sandal, Santalum album L., by various workers, based on field observations, 
but investigations accurately carried out were first taken up by Butler (4) 
and Barber (2). A detailed description of the symptoms of the disease, 
both macroscopic and microscopic, ivas given by Coleman (5). Basing his 
conclusion on the evidence obtained from a large number of graft-infection 
experiments, he was the first to put forward the view that the spike disease 
of sandal may be of the nature of a viro'us disease. As opposed to this view, 
a few workers sought to elucidate the problem by the hypothetical consid- 
eration that the disease was the outcome of environmental factors. Hole 
(11) formulated an hypothesis that an '^unbalanced circulation of sap,’' 
resulting from a variety of external factors, such as forest fire, unsuitable 
host plants, drought, etc., led to the outbreak of the disease. No doubt the 
importance of unfavorable external conditions as predisposing factors in 
relation to the appearance of the disease is universally recognized, but the 
significance of the term "unbalanced circulation of sap” is too vague for 
any plant physiologist to define. Howard and How^ard (13), working with 
diseased peach trees, thought that improper grafting itself was the cause 
of the development of small leaves of spike and opposed the view held by 
Coleman (5) that spike disease could be transmitted by grafting. But this 
method of transmission has been tried by workers all over the world, as in 
the ease of mosaic disease of hops, potato leaf roll, peach yellows, and other 
virous diseases, so much so that the objection cannot be taken as a serious 
one. In establishing the transmission of mosaic disease in hops, Thrupp 
(28) says "there is no evidence that the process of grafting can of itself in 
any way induce mosaic symptoms to appear in healthy susceptible hops,” 

1 The writer wishes to acknowledge his indebtedness to Dr. Leslie C. Coleman, 
Director of Agriculture, in Mysore, for the encouragement and helpful suggestions given 
in the course of the investigation. 
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SPIKE DISEASE OF SANDAL^ A VIROUS DISEASE 

One of the recognized characteristics of virons diseases, in general, is 
that they are infectious and are transmissible by mechanical means. While 
some of the diseases, like the tobacco mosaic, possess a high degree of infec- 
tmty and are readily transmissible even at dilutions of 1-10,000, as shown 
by Allard (1), and are known to be filter passers, others among the group 
have not been found to be so highly infectious. In the case of sugar-cane 
mosaic, Brandes (3) found that the disease could be transmitted by rubbing 
the extract from diseased plants into punctures made in healthy plants, but 
the percentage of infection obtained was small. Sein (24), however, claims 
that 95 per cent of the plants were successfully infected when healthy sugar 
cane was punctured with fine entomological pins through a superposed layer 
of mosaic leaves. On the other hand, potato leaf roll, aster yellows, and 
infectious chlorosis of Abutilon, recognized as virous. diseases, can be trans- 
mitted by grafting, but all attempts at transmission with the extract from 
diseased tissue have failed hitherto. Transmission of virous diseases by 
insects has been found in a large number of cases. 

In the case of the spike disease of sandal successful transmission by 
means of grafting was observed by Coleman (5). It was noted that the 
disease was transmitted only in cases where the stock and the scion were 
organically united. Other methods, such as budding, leaf insertion (27), 
have also been reported to be successful in transmitting the disease. Inocu- 
lation of the disease extract into healthy plants has always failed to produce 
the disease sjnnptoms. Punctures made with fine needles, the method 
adopted by Sein (24) for the transmission of sugar-cane mosaic, proved 
unsuccessful, but in one instance the plant began to develop mosaic symp- 
toms. With our present knowledge, it may be assumed that the infective 
character of the spike disease of sandal is comparable to that of potato leaf 
roll and of peach yellows, which are transmitted only by grafting, warrant- 
ing us in assuming that it is a virous disease. Cytological evidence to sup- 
port this view, first put forward by Coleman (5), has been obtained by the 
writer's finding of intracellular inclusions in the tissues. Investigations 
on the nature of these intracellular inclusions are embodied in the present 
paper.- 

HISTORICAL 

Intracellular bodies have been known to occur in many of the virous 
diseases of animals such as vaccinia, rabies, lymphocystic disease of fish, 
contagious epithelioma, and sheep pox. Out of nearly 190 different plants, 
recognized by plant pathologists to be affected by virous disease, in only a 

2 A preliminary note on the subject by the writer was published in Phytopathology 
( 19 ). 
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few of them have the characteristic intracellular bodies been found. Simnl- 
taneonsly with the finding by animal pathologists of the Negri bodies in the 
hippocampus of dogs affected with rabies, Iwanowski (14) found in the 
tissues of tobacco mosaic amoebiform bodies closely attached to the nuclei, 
which he described as ^‘parasitischen Amoeben erinnerende Plasmaanhauf- 
ungen.” Goldstein (7) later made a careful cytological study of these 
bodies. Similar bodies, which the author described as X bodies, were found 
in the cells of Dahlia affected with mosaic and dwarf (8). Kunkel (15, 16) 
found intracellular bodies associated with the mosaic disease of corn, Fiji 
disease of sugar cane, Hippeastrum mosaic, and mosaic on Chinese cabbage 
and Brassica peMnensis (Hour). McKinney, Eckerson, and "Webb (18) 
described inclusion bodies in the cells of rosette disease of wheat. Similar 
bodies were found by Smith (25) in the cells of Petunia, Phytolacca decan- 
dra L., Euonymus japonica L., and Datura stramonium L., .affected by 
mosaic disease. Hoggan (10) found X bodies and striate material in a 
number of solanaceous plants affected with mosaic. In the pericyclic 
region of the young roots of strawberry dwarf plants, Plakidas (20) found 
that cells showung degeneration contained one to many amorphous intra- 
cellular bodies, staining black with iron alum haematoxylin. Similar struc- 
tures were reported by Eawlins (21) in the pericycle of the root tips of 
sugar beets affected by curly top. Thus, it will be seen that inclusion bodies 
have been found in only 15 of the virus-affected plants. 

MATERIALS AND METHODS 

Material for the investigation was obtained from naturally infected 
areas in Uttarhalli, Bangalore, and Chamundi Hill, Mysore. The peculiar 
pendulous branches of spiked sandal, called the ‘‘willow type of spike,’’ 
occurring at Hirehally, Tumkur, were also collected for examination. A 
comparative study was made of diseased material obtained by graft infec- 
tion of healthy sandal plants. Leaves and petioles were fixed in various 
fixing solutions, such as weak Flemming’s solution, Zenker’s solution, 
Schaudinn’s sublimate alcohol, and Carnoy’s fluid. Sections, 5 to 7-| p 
thick, were cut, and stained in Haidenhain’s iron-alum haematoxylin and 
counterstained with anilin safranin or orange G in clove oil. Several other 
stains also were tried. Successful differentiation was obtained with Flem- 
ming’s triple stain, picric methyl violet, and Goodpasture’s carbol-anilin- 
fuchsin method. Likhite’s (17) method of fixing in 2 per cent osmic acid 
and examining the sections without staining was not found suitable, as the 
precipitates formed interfered with the examination. Fixation with 
Flemming’s weak solution was found to give the best results. 
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THE INTRACEIAULAE BODIES IN SPIKED SANDAL 

The cell contents were studied both in free-hand and microtome sections. 
Free-hand sections of fresh material were placed in picronigrosin for 24 
hours and mounted in glycerine. The cell nucleus stained grey and the 
bodies yellow. Many vital stains were tried, but success was achieved only 
with a rapid staining in 0.5 per cent neutral red, the nucleus staining red 
and the body reddish yellow. 

Microtome sections of spiked sandal leaves generally show the presence 
of intracellular bodies in almost every cell (Fig. 1, A and C). They are 
very prominent in sections of mature spiked leaves, in which much of the 
green chlorophyll has deteriorated. The bodies have not been found near 
the growing point and in the first pair of leaves nest to it but can be dis- 
tinctly made out in the 3rd pair of leaves. In an affected cell generally 
only a single body is present in close juxtaposition with the nucleus, but 
very often 2 bodies are seen adpressed to the nucleus 1 on either side. As 
many as 6 bodies have been observed surrounding the nucleus in some of the 
cells. Barely the body is found free from the nucleus. In cases where 
more than 1 body is found in a cell, 1 to 2 of the large ones may be found 
adpressed to the nucleus, but the small bodies are to be made out scattered 
in the cell free from the nucleus. 

In sections of spiked leaves, it is usual to observe in the palisade cells, 
that the nucleus and the body do not occupy a central place, but more often 
the nucleus is found wedged in between the body and the cell wall bounding 
the long axis of the cell (Fig. 1, A). Occasionally the body is found com- 
pletely enveloping the nucleus. 

As has been noted by various workers, in investigating other virous 
diseases of plants, the intracellular bodies in sandal spike are best made 
out when stained with Haidenhain’s iron-alum haematoxylin. In leaf sec- 
tions stained with this stain (longer method), the bodies stand the destain- 
ing with iron alum longer than the nucleus. Kunkel (15) in the case of 
Fiji disease of sugar cane, and McKinney et al. (18), in the case of rosette 
of wheat, found that the bodies were more easily destained with iron alum 
than were the nuclei, but Eawlins and Johnson (22) reported the reverse 
to be the ease with the bodies found in tobacco mosaic. In sections of 
spiked leaf stained with Haidenhain’s iron alum haematoxylin (shorter 
method), the destaining with iron-alum was more rapid in the bodies than 
m the nucleus. After 24 hours of staining the bodies were found to with- 
stand the action of mon alum for nearly an hour. Counterstaining with 
orange G in clove oil brings out the structures in good relief Counter- 
stained with anilin safranin, the structural details in the bodies are better 
made out. 



Narasimhan: Spike Disease op Sandal 


Pig. 1, Photomiexograplis of sections of sandal-spike leaves. A. Deeply stained 
intracellular bodies attached to nuclei, x 820. B. Intracellular bodies with large cen- 
tral vacuoles and other small ones. The membranes around the bodies are evident. The 
black attached bodies are nuclei, x 980. 0. Band-like intracellular bodies across the 
cells. X 740. D. Large-size intracellular bodies showing vacuolation x980. E. Prolif- 
eration of bodies, x 820. A wms stained by Goodpasture ^s method and B to E with 
iron-alum haematoxylin. 
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With Flemming’s triple stain, the staining reaction of the bodies has 
not been found to be specific, as it seems to vary with the duration of 
staining with gentian violet and orange G. If, after staining with safranin, 
the sections are stained for a short period with gentian violet, rapidly car- 
ried through the higher grades of alcohol, and finally counterstained with 
orange G in clove oil, the nuclei are stained red; the bodies, orange yellow. 
If, however, the sections are stained longer in gentian violet, destained in 
alcohol, and subsequently stained with orange G in clove oil, the bodies 
retain the violet color. The different procedures adopted in the technique 
of triple staining by investigators, in general, may perhaps explain the 
difference reported by various workers in reactions of the intracellular 
bodies to this stain. Kunkel (16) reported that the bodies in Hippeastrum 
mosaic showed a special affinity for the orange G stain. The same reaction 
was observed by McKinney et ol. (18) in the case of the bodies associated 
with the rosette of wheat. Rawlins and Johnson (22), however, found that, 
with the triple stain, the bodies associated with tobacco mosaic became pink. 
The bodies found in the case of sandal spike seem to react both to gentian 
violet and orange G, no special afSnity being found for the latter stain. 

The bodies are made out also by staining with dilute methyl violet fol- 
lowed by treatment with picric acid. This method was found to be success- 
ful by Schaffnit and Weber (23) in the case of the intracellular bodies 
associated with beet mosaic. Sections are transferred from distilled water 
to dilute methyl violet solution (59 parts of distilled water to 1 part of 1 
per cent methyl violet), stained for 2 to 12 hours, rinsed in distilled water, 
allowed to stand for a minute in picric acid solution (80 parts saturated 
aqueous solution, 20 parts of 96 per cent alcohol), and dried between filter 
papers, cleared in xylol, and mounted in balsam. The body takes a grey 
color, while the nucleus takes a violet color. If the sections, after treatment 
with picric acid solution and removal of all excess water, are rapidly 
dehydrated with absolute alcohol, cleared in xylol, and mounted in balsam, 
the nucleus takes a deep blue color, the bodies a light violet one. 

Sections of the spiked leaf also have been stained according to the tech- 
nique followed by Goodpasture (9) for detecting the cell inclusions asso- 
ciated with rabies, and epithelioma contagiosum. They are stained, first, 
with carbolanilin fuehsin (0.5 gm. basic fuchsin; 100 cc. 20 per cent, alcohol, 
anilin oil 1 cc., phenol 1 cc.) for 10 minutes, decolorized with 95 per cent, 
alcohol, till the sections become pink, washed in water and counterstained 
with Loffler’s methylene blue for 30 seconds, dehydrated in absolute alcohol, 
cleared in xylol, and mounted in balsam. Destained in 95 per cent, alcohol, 
the red color persists only in the bodies, even after all the other structures 
of the cell have lost color. The nuclei are stained blue, and the bodies, a 
cherry red to dull red. The bodies appear to have an affinity for fuchsin. 
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None of the previous workers on virons diseases of plants seems to have 
tried this staining method. 

The bodies, associated with sandal spike, are generally round or oval. 
Often the outline of the body is wavy, with small pseudopod-like projec- 
tions. In some cells the bodies are found extending from the nucleus, 
which is adpressed to the cell wall, to the opposite wall, thus appearing to 
form a band across the cell (Fig. 1, C) . Cases have been observed in which 
the bodies have the appearance of a plasmodium, enclosing the nuclei in 
their folds. The presence of a membrane surrounding the body has defi- 
nitely been noted. This is quite evident in eases where the contents of the 
body has shrunk (Fig. 2, B, body at extreme left). In some of the cells, 
owing to the disappearance of the contents of the body, the outer mem- 
brane persists as a ring attached to the nucleus. In certain instances, 
where the body presents the appearance of a mere mass of alveolar proto- 
plasm enveloping the nucleus, the presence of a membrane is difficult to 
make out. Kunkel (16) found no evidence of a membrane surrounding the 
bodies associated with Hippeastrum mosaic, whereas the presence of a mem- 
brane has been reported in the case of the bodies of wheat rosette (McKin- 
ney, ei al,, 18) and tobacco mosaic (Goldstein, 7). The bodies are generally 
composed of a recticulate matrix, containing one or many vacuoles of va- 
rious sizes. There is either a large central vacuole surrounded by a thin 
layer of the body substance or, as is sometimes the ease, there are one to 
j two large vacuoles and numerous small ones (Fig. 1, B). As many as 11 

I vacuoles have been noted in some of the bodies '(Fig. 1, D). Kunkel (15) 

observed in the bodies associated with the Fiji disease of sugar cane a 
process of division in a plane parallel to the short axis of the cell. Gold- 
stein (7) found that the bodies in tobacco mosaic divide by constriction and 
[ the ones in Dahlia mosaic divided and are distributed by the divisions of 

! the host cells. Likhite (17) also reported the occurrence of fission in the 

• case of the bodies of tobacco mosaic. In sections of the petiole of the spiked 

leaf small bodies are occasionally seen that show a constriction in the middle, 
but it is impossible to say whether this can be considered a process of divi- 
sion. In addition, it is often to be observed in sections of some of the 
spiked leaves that the bodies show a large number of proliferations (Fig. 

I 1, E). Figure 2, A, shows a body with 3 proliferations in focus. As many 

I as 7 proliferations have been observed in some of the bodies. One is 

tempted to believe that the existence of tiny bodies distributed in some of 
; the cells is due to this proliferation. These tiny bodies are stained black 

with iron-alum haematoxylin and bright red with carbol anilin fuchsia. 

Measurements of the bodies along their greatest diameter show a varia- 
tion ranging from 4.3 |i to 8.7 p. The bodies were patiently watched under 
; the microscope to see if there was any sort of movement as described by 
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other workers of mosaic diseases. Goldstein (7) found in tlie living cells of 
mosaic tobacco that the bodies changed their form and position frequently. 
In sections of spiked sandal, kept for a long time under observation, the 
orientations of the large vacuole or vacuoles in the bodies may be noted. 
Often the tiny vacuoles fuse together. Very rarely, in some instance a 
small projection is put forth slowly, w^hich after a time is slowly withdrawn 
into the body, the entire process taking about 2 hours. It is, however, diffi- 
cult to estimate correctly the significance of these movements. As Cowdry 
(6; p. 146) says, ''the question always arises as to whether any movement 
seen, is their owm, or that conferred upon them by mass movements of the 
cytoplasm.’’ Mechanical strains, such as those induced by placing the 
cover slip over the section mounted in water, are likely to set up conditions 
other than those obtained in the living cell, which may perhaps result in 
evoking such phenomena. 

THE DISEASED CELL 

The effect of the disease on the contents of the leaf is very marked. 
Butler’s (4) observation that the palisade cells elongate at right angles to 
the surface much more in the case of the spiked leaf than in that of the 
healthy one was not confirmed by Coleman (5). As the latter investigator 
pointed out, there seems to be no striking difference with regard to the 
size of the cells of the leaves of the same age, whether they be healthy or 
diseased. The writer’s observations confirm this view, as will be made 
out from Figures 2, D and E. In young healthy leaves, the chloroplasts are 
found in abundance (Pig. 2, E). In old leaves also, these are to be made 
out lining the cell wall all around (Fig. 2, D). In spiked leaves, the 
chloroplasts seem to undergo a process of disintegration. During the early 
stages of the disease, the chloroplasts have a vacuolated appearance, show'- 
ing clear spaces in their matrix. In very old spiked leaves, they appear as 
disorganized, shrivelled structures, adpressed to the cell wall. It is in such 
cells that the bodies stand out prominently. The presence of minute grains 
of starch in the leaves has been noted by Coleman (5) . While, in the fibro- 
vascular sheaths in the leaves, large starch grains are to be found, those 
found in the chloroplasts are minute. To make out the disposition of these 
grains within the chloroplasts, it is preferable to select the early stages of 
spike, as in the older leaves the chloroplasts have disintegrated. The starch 
grains are clearly brought out by staining with Nemec’s gentian violet 
method® and are stained bright blue, cytoplasm being grey. Eight to 11 

2 Sections of material fixed in Eleniming weak solution are placed from water in 
2 per cent tannin for 30 minutes, washed for 1 minute in water, then transferred to 14 
per cent tartar emetic solution for 10 minutes, washed in water for 5 minutes, stained 
in 1 per cent gentian violet for 4 hour, rapidly dehydrated, cleared in xylol, and mounted 
in balsam (see Tunmann (29), 505-506. 29 pp.). 



Q. Photomicrographs of sections of sandal-spike leaves. A. Highly 
y with a reticulate structure from section shown in figure 1, E. There are 
itions at the left, x 1,620. B. Intracellular bodies in the central region 
e. X 810. C. Minute starch grains in the chloroplasts. Stained with 
ian violet, x 1,080. D and E. Photomicrographs of sections of healthy 
D. Mature leaf, showing elongated palisade cells with nuclei and chloro- 
0. E. Young leaf, showing nuclei and abundant chloroplasts stained with 
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grains have been found embedded in each ebloroplast. Both round and rod 
shape grains have been noted in the same chloroplast (Pig. 2, C). In fact, 
they present the appearance of autochthonous starch formed generally in 
the chloroplasts of leaves; only, it is in a more intensified form. It is pos- 
sible, as Butler (4) supposed, that the chloroplasts are stimulated by the 
virus to manufacture more starch than is necessary, the excess being stored 
in the parenchymatous tissues of the shoots. 

The correctness of this view can be tested only after conducting experi- 
ments on the physiology of healthy and spiked sandal leaves. The nucleus 
in affected cells more often shows a dented appearance on the side where 
the body is attached. In a spiked leaf section some of the few cells in which 
bodies are not present have normal round nuclei, as in healthy leaf cells. 
On the other hand, some of the nuclei are unaffected, though bodies are 
found to be attached to them. In extreme cases, the nuclei present the ap- 
pearance of crescent-shape, shrivelled up structures, recognized as such only 
by the presence of nucleoli. Nuclear degeneration in virus-affected cells has 
been observed in the case of vaccinia, where the bodies indent the nuclei. 
Kunkel (15, 16) also observed dented crescent-shape nuclei, in association 
with the bodies, found in the ease of the Fiji disease of sugar cane and 
Hippeastrum mosaic. Goldstein (7), however, found that the nuclei were 
not affected by the bodies in the case of the tobacco mosaic. 

THE NATUBE OF THE BODIES 

There has been much divergence of opinion in interpreting the nature 
of the intracellular bodies associated with plant and animal viruses. "While 
some of the original investigators believed the bodies to be of the nature 
of organisms and classed them under the Chlamydozoa-Strongyloplasma 
group, later investigators have been inclined to the view that they are 
products of cell reaction produced by virous injury. Observations of move- 
ments in the bodies, and of the process of division, noted by Goldstein (7) 
and Likhite (17) in the cells of tobacco mosaic and by Kunkel (15) in the 
case of bodies associated with the Fiji disease of sugar cane, are evidences 
in favor of the view that they may be considered to be organisms. That the 
bodies consist of living cytoplasm, with chondriosomes in moderate num- 
bers distributed in them, was established by Holmes (12) in the case of 
Hippeastrum mosaic. Henderson Smith (26), however, found that the 
inclusions, associated ^iiln Solanum nodiflorum infected with aucuba 
mosaic, were formed by the aggregation of small particles carried in the 
protoplasmic streaming and that they crystallize into forms that give a 
protein reaction. With our present knowledge, the intracellular inclusions 
associated with the spike disease of sandal, as in other viroses, can have only 
a pathognomic value. 
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SUMMARY 

1. A cytologieal study of the spike disease of sandal ■\¥as made with the 
result that intracellular bodies were found associated with this disease, 
similar to those described in other virous diseases. 

2. Yarious staining reactions of the bodies have been tried. It was of 
interest to note that the bodies reacted in the same way as those found in 
animal virous diseases, such as rabies and epithelioma eontagiosum, with 
Goodpasture’s staining method, which, hitherto, has not been tried by 
workers on plant viruses. 

3. Proliferation of the bodies was noted in some of the cells. The ques- 
tion whether the tiny bodies found in some of the cells are due to the pro- 
liferation of the large bodies is left open. 

4. The effect of the disease on the cell contents was noted. The chloro- 
plasts are stimulated to form an excess of starch. In the later stages of 

i the disease, the disintegration of the chloroplasts sets in. ‘When in asso- 

I eiation with the bodies, the flattened or dented appearance of the nuclei is 

of frequent occurrence. 

I Mysore State, 

Bangalore, India 

LITERATURE CITED 

1. Allard, H. A. Effect of dilution upon tlie iiifeetivity of the virus of the mosaic 

disease of tobacco. Jour. Agr. Bes. 3; 295-299. 1915. 

2. Barber, C. A. Ee}Dort on spike disease in sandalwood trees in Coorg. Indian For- 

ester 29: 21-31. 1903. 

3. Brandes, E. W. Artificial and insect transmission of sugar-cane mosaic. Jour. 

Agr. Bes. 19: 131-138. 1920. 

^ 4. Butler, E. J. Beport on Spike’’ disease among sandalwood trees. Indian For- 
ester 29, Appendix 1, p. 1-11. 1903. 

5. Coleman, L. C. Spike disease of sandal. Mysore Dept. Agr., Mycol. Ser. Bid. 3. 

1917. 

6. CowDRY, E. Y. Intracellular pathology in virus diseases, pp. 113-154. In Rivers, 

T. M., Filterable Viruses. 428 pp. Williams and Wilkins Company, Balti- 
more. 1928. 

7. Goldstein, B. A cytologieal study of the leaves and growing points of healthy 

and mosaic diseased tobacco plants. Bui. Torrey Bot. Club. 5'3: 499^599. 
! 1926. 

. The X-bodies in the cells of dahlia plants affected with mosaic 
disease and dwarf. Bui. Torrey Bot. Club. 54: 285—293. 1927. 

9. Goodpasture, E. W. A study of rabies, with reference to a neural transmission 
of the virus in rabbits, and the structure and significance of Negri bodies. 
Amer. Jour. Path. 1: 547-582. 1925. 

10. Hoogan, I. A. Cytologieal studies on virus diseases of solanaceous plants. Jour. 

Agr. Bes. 35: 651-671. 1927. 

11. Hole, B. S. Cause of the spike disease of sandal. Indian Forester 45: 133-139. 

1919 . 



202 


Phytopatpiology 


[VoL. 23 


12. Holmes, F. O. Cytological study of the intracellular body cliaracteristic of Hip- 

peastrum mosaic. Bot. Gaz. 86: 50-58. 1928. 

13. Howard, A., and G. L. C. Howard. The spike disease^’ of peach trees: An 

example of imbalanced sap circulation. Indian Forester 45: 611-617. 1919. 

14. IwANOWSKi, D. Hber die Mosaikkrankheit der Tabakspflanze. Ztsclir. Pflanzen- 

krank. 13: 1-41. 1903. 

15. Kunkel, L. O. Histological and cytological studies on the Fiji disease of sugar 

cane. Bui. Expt. Sta. Hawaiian Sugar Planters^ Assoc., Bot. Ser. 3: 99-107. 
1924. 

16. — -. Further studies on the intracellular bodies associated with certain 

mosaic diseases. Bui. Expt. Sta. Hawaiian Sugar Planters ^ Assoc., Bot. Ser. 3 : 
108-114. 1924. 

17. LikhitiS, Y. The nature and relations of the intracellular inclusions present in 

the mosaic of tobacco. Meded. Phytopath. Labor-mycol. Aardappelonderz. 
Wageningen. no. 41. 30 pp. 1929. 

18. McKinney, H. H., S. H. Eckerson, and R. W. Webb. The intracellular bodies 

associated with the rosette disease and a mosaic-like leaf mottling of wheat. 
Jour. Agr. Bes. 26: 605-608. 1923. 

19. Narasimhan, M. J. Note on the occurrence of intracellular bodies in spike disease 

of sandal (Santalum album, Linn.). Phytopath. 18: 815-817. 1928. 

20. Plakidas, a. G. Strawberry dwarf. Phytopath. 18 : 439-444. 1928. 

21. Rawlins, T. E. Cytology of root tips from sugar beets having the curly-top dis- 

ease. (Abst.) Phytopath. 16: 761. 1926. 

22. , and J. Johnson. Cytological studies of the mosaic disease of to- 

bacco. Amer. Jour. Bot. 12- : 9-32. 1925. 

23. ScHAFPNiT, E., and H. Weber. liber das Yorkommen von intrazellularen Korpern 

in dem Geweben mosaikkranker Riiben. Forsch. Gebiet Pfianzenkrank.-u. Im- 
munitat Pflanzenr. 4: 23-42. 1927. 

24. Sein, Francisco. A new mechanical method for artificially transmitting sugar- 

cane mosaic. Jour. Dept. Agr. Porto Rico. 14: 49-68. 1930. 

25. Smith, F. F. Some cytological and physiological studies of mosaic diseases and 

leaf variegations. Ann. Missouri Bot. Gard. 13: 425-484. 1926. 

26. Smith, Henderson J. Intracellular inclusions in mosaic of Solanum nodiflorum. 

Ann. Appl. Biol. 17 : 213-222. 1930. 

27. Sreenivasayya, M. Contributions to the study of spike disease of sandal (San- 

talum album, Linn.) KI. New methods of disease transmission and their 
significance. Jour. Indian Inst. Sci. 13, A: 113-117. 1930. 

28. Thrupp, T. C. The transmission of mosaic'^ disease in hops by means of graft- 

ing. Ann. Appl. Biol. 14: 175-180. 1927. 

29. Tunmann, Otto. Pflanzenmikrochemie’ ein Hilfsbuch beim mikrochemischen 

Studium pflanzlicher Objekte. 631 pp. Gebriider Borntraeger, Berlin. 1913. 


PHYTOPATHOLOGICAL NOTES 


Dietrich Fref erahle Authority for Cronartium Bihicola. — Klebalm’s^ re- 
cent publication of Dietrich as the authority for Crooiartiimi rihicola is of 
interest to Americans because the fungus is a permanent factor in North 
American forestry and because our extensive researches on the disease must 
be continued for an indefinite period. In 1909 the writer encountered the 
problem of the author who should be credited with the name C. ribicola. 
As it was impossible to find anywhere in North America one of the original 
specimens issued by Dietrich,^ it was not known whether the label may have 
borne any sort of description that would entitle the name to a ‘degaP^ 
status. Arthur^ stated that the name should be ribicola Fischer de 
WaMheim/’ which was used for some time. On mentioning the use of 
Fischer de Waldheim to Farlow several years later he said that he w^as sure 
that this \vas incorrect, but he Avas unable to ascertain which Fischer was 
responsible for the name. After that time the name was given as Cronar- 
tium ribicola Fischer in all of our publications. Still later, in a personal 
search in European herbaria, the Avriter failed to find one of Dietrich’s 
specimens. He, thereupon, concluded that settling the authority for C. 
ribicola must await action of some European investigator who might find 
a specimen. Some time ago Klebahn wi*ote suggesting that Dietrich ought 
to be the author of C. ribicola and urging the writer to try to clear up the 
matter. Again, however, it seemed impossible to do more than already had 
been done, and pressure of other more insistent matters led to this one being 
laid aside. 

In the meantime much space had been paved Avith good intentions and 
KlebahiP had answered the problem himself. His method of attack was as 
follows: Dietrich’s name technically was a nomen nudum, but he showed 
plainly that the fungus was a Cronartium and lived on Kibes. He then 
considered Fischer’s^ name and concluded (justly the AAuuter believes) that 
the fungus Avas inadequately described to distinguish it from other species 
of Cronartium, except for the fact that it lived on Bibes. Pie then took up 
more recent and complete descriptions, like those of Ed. Fischer® and his 

1 Klebalin, H. Der Autor cles Cronartium ribicola. Ztsehr. Pflaiizeiikr. 41 : 209- 
213. 1931. 

sBietricIi, H. A. Plantanim florae baltieae cryptogaiiianmi. Ceiitiiria 4, no. 21. 
1855. 

3 Artliur, J. C. IJredinales. North American Flora 7: 122-123. 1907. 

^ See footnote 1. 

s piseher. Cronartium ribicola Piseher nov. sp. Eabenhorst. Fungi eiiropaei exsic- 
eati. no. 1595. 1872; Hedwigia 11: 182. 1872. 

6 Piseher, Ed. Die IJredineen der Schweiz. 590 pp. K. J. Wyss, Bern. 1904. 
pp. 433-435. 
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own.” lie decided that all failed to distinguish C. rihicola from other 
species of Cronartinm unless the host were known. Even tlieiiy on the same 
Ribes host, species, like C. rihicola and C. occidentale cmi be distinguished 
only by biometric means or pedigreed cultures. He, therefore, concluded 
that, without knowing the pine hosts, Dietrich’s simple statement that it 
was a Cronartium living on Ribes was as good as later descriptions and that 
he should be given credit for discovering, recognizing, and naming the 
fungus. The waiter is heartily in sympathy with this decision, which he 
believes is a result of sound common sense and logic. Hereafter he intends 
to write the name Cronartium rihicola Dietrich. — Perley Spaulding, 
Division of Forest Pathology, New^ Haven, Conn. 

Comparison of Pycnial Stage of Cronartium Rihicola on Pinus Lamher- 
tiana and P. Monticola. — Studies w^'ere recently conducted at Daisy Lake, 
British Columbia,^ to determine the relative susceptibility of western white 
pine, Pinus monticola D. Don, and sugar pine, P. lamhertiana Doug., to 
white-pine blister rust {Cronartium ribicoZa Dietr.). One hundred and 
seventy-seven western white pines and 114 sugar pines were used for the 
test. These young trees ranged from about 6 in. to 2 ft. in height at the 
time they were planted, and some of them are now slightly over 5 ft* in 
height. Size of tree had no apparent influence on the production of the 
spore stages of the rust on either species. 

During the course of the susceptibility studies a marked diflerence in 
pycnial production of the rust on the 2 hosts was noted. The following 
observations are based on 129 cankers on 42 infected western white pines 
and 179 cankers on 49 infected sugar pines. 

On seedlings of western white pine the pycnia first began to appear 
about the latter part of May or the first part of June, reached their peak 
of production during July or August, and continued to develop generally 
until some time in October. They were produced in great abundance. 
The pycnial drops were very large and usually coalesced into continuous 
blotches or sheets. The pycnial scars were prominent rusty brown to 
bluish black spots. 

On the sugar-pine seedlings pycnial production did not begin until some 
time in July or August and did not continue quite so late in the season as 
it did on western white pine. The pycnial drops were very small, usually 
widely separated and distinct from one another, and rarely coalesced. At 

7 Klebakn, H. TJxedineae, in Kryptogamenflora der Mark Brandenburg, vol. 5a: 
718-723. 1914. 

iLacbmund, H. G., and J. B. Hansbrougb. Preliminary report on the relative sus- 
ceptibility of sugar pine and western white pine to blister rust. Jour. Forestry SO: 
087-691. 1932. 
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no time dnring the summer were they observed on all cankers. The pycnial 
scars were generally indistinguishable and lacked color. 

Generally, on western white pine the rust is prolific and abundant not 
only in pycnial production but also in aecial production. The aecial pro- 
duction on sugar pine was similar in this respect to that on western white 
pine, regardless of the meager amount of pycnial production. 

The rust is not yet known to occur on sugar pine within its nat- 
ural range. Consequently, the development and production of pycnia and 
aecia on this host as herein described cannot as yet be considered typical 
for the species. The production and development of pycnia and aecia on 
the western white-pine seedlings w^ere typical of those observed on this 
species over a period of several years in numerous localities. — Jas. L. 

Mielke, Division, of Forest Pathology, Bureau of Plant Industry, Portland, 

Oregon. 

A Correction. — In an article in Phytopathology (A hitherto unre- 
ported disease of maize and beans. Phytopath. 22: 637-644. 1932), 

a second article, by J. C. Haigh, (Maorophomina pJiaseoli (Maubl.) Ashby, 
and Ehizoctonia hataticola (Taub.) Butler. Ann. Roy. Bot. Gard., Pera- 
deniya, 11: 213-249. 1930), should have been included in the bibli- 
ography. The reference on page 641 to Haigh ’s inoculation experiments 
should relate to^ this article instead of the one cited. On page 642 refer- 
ence to both articles should have been made in the following statement, 

'^The pycnial stage, . . . found by Ashby and Haigh to occur in beans and 
sunflowers in Asia, . . Also, on page 642, the correct reference to 
Haigh ’s division of the sclerotial forms of Bhkoctonia bataticola into three 
classes is the 1930 article instead of the 1928 publication cited. — ^W. W. 

Mackie, University of California, Berkeley, California. }/ 
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INTRODUCTION 

The first reference to wilt of pineapples in Hawaii was made by Larsen 
(15) in 1910. Prom his description and photographs it is evident that the 
condition was present in the islands at that time. Higgins (11, p. 30), in 
1912, reported damage from wilt as limited to a few fields. Since the or- 
ganization of experimental work on pineapples, numerous references to 
plant failure have been made in local records under the generic term 
^%ilt.” The problem evidently increased in importance, for by 1920, 
according to Illingworth (13), whole fields were wiped oiit.’^ By the end 
of the next decade, the wilt problem was recognized as the most serious- with 
which growers had to deal. 

It i:s evident from a consideration of the literature that the term wilt 
has been used in a generic sense to include many types of plant failure. 
Sideris and Paxton (17) have summarized the literature on root-rotting 
fungi with respect to plant failure and concluded that ^^Eoot rot caused by 
P3rthiaceous organisms is probably one of the important causes for the de- 
velopment of the disease of pineapple plants known as ^wilU These 
same authors (16) abo report pythiaceous organisms of heart rot as con- 
tributing to plant collapse under extremely localized and specific conditions 
of temperature and humidity. Their conclusions, however, as tO' the effect 
of root rot on the development of wilt are as follows: ‘‘Eesbtance in pine- 
apples may be interpreted as the ability of infeeted plants to produce new 
roots and thus perpetuate the life of the plant and susceptibility as the 
converse of thb reaction.” 

Illingworth (13) presented the first evidence that the pineapple mealy 
bug, Pseudococcus trevipes (CkL), was an important factor and concluded 
that wilt was a disease transmitted by mealy bugs that had fed upon dis- 
eased plants. He abo considered that the green spotting of the leaves, 
which sometimes follows mealy-bug feeding, was a characteristic symptom 

iPublisbed with the approval of the Director as Technical Paper No. 47 of the 
Experiment Station of the Association of Hawaiian Pineapple Canners, University of 
Hawaii. 
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of wiit that could be mherited from mother plants by the vegetative plant- 
ing materiaL , 

111 the present writer’s investigations, described in this paper, the first 
step was to determine eonclnsively the relationship between Pseiidococeus 
hrevipes and pineapple wdlt. In the course of such study other significant 
qiiestionsi arose that are related to the principal problem. These were duly 
considered and the results are included in this paper. A concurrent study 
of the various types of spotting caused by mealy-bug feeding has been con- 
ducted and the results are being published elsewhere (5). 

DESCRIPTION OF THE DISEASE 
‘'pineapple wilt”: ^^EDGE wilt’’ 

Larsen (15) described the most characteristic symptom as loss of rigid- 
ity of the leaves. Color changes were noted as occurring but not without 
exception, Eoots w^ere invariably found dead and filled with fungus 
inycelia. His illustration is typical of what is now recognized as mealy- 
bug wilt. Illingworth (13) also described the disease, calling attention to 
color changes associated with loss of rigidity. He also mentioned the fact 
that, typically, wilt begins at the edges of fields or rock piles within field 
areas. 



Fia. 1. Aerial photograph of pineapple field, showing . distribution of wilt along 
field margins and intra-field ditches. Photographed by the llth Photo Section A. G., 
Luke Field, Oahu, Territory of Hawaii. 
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This edge wilt, as plantation men came to call it, appeared tO' the writer, 
after numerous field ohservations, as a most significant concept. It sug- 
gested strongly the invasion of the field by some causal agent. Pigure 1 
is an aerial photograph of a field showing edge wilt in pronounced degree. 


Pig. 2. A. Quick wilt produced in field plots. B. Slow wilt occurring after large 
colonies of mealy bugs had fed on plants for approximately 1 year. 
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It wiU be observed that tbe lighter areas, which represent areas of wilting 
plants, are concentrated either on the field edges or next to weed,y drainage 
ditches. 


Fig. 3. A. Wilt produced by infesting each plant with mealy bugs on Jb’ebruary 
3, 1931. Photograplied April 30, 1931. B. Cheek plants of figure 3, A. C. In fore- 
ground plants infested with 50 mealy bugs per plant on April 27, 1931, • in background 
elieck plot. Photographed July 6, 1931. 
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Tlie following descriptions of the disease are based on plants nsed in 
experiments that are described in detail in this paper. In view of 
the terms used, the descriptions may be divided under the following head- 
ings: 

QUICK WILT (pigs. 2 - 5 ) 

Occurs primarily in young plants. In plants up to 6 months old, the 
inner leaves become pale, varying from very light dull green to pale yellow 


Pig. 4. A. Plot with quick wilt. B. Individual plant from i^lot shown in A. 
Photographed July 20, 1931. 


or pink. With the color change is a very eharacteristic loss of rigidity, 
most of the inner leaves becoming flaccid and bending outward. The tips 
of these leaves turn brown and dry up. The inner leaves may show many 
or few or no green spots, or there may be scattered small chlorotic areas 
with irregular margins. With plants 8 to 10 months old, there is a con- 
spicuous reddening of the leaves of the fourth or fifth whorP from the cen- 
ter with a progression of color change to red, inward, to the center whorls. 
From that point color changes may occur either in the clireetion of bright 
pink and yellow or to a flat yellow brown. Development of the pink and 
red shade is controlled somewhat by the light-shade conditions. In dense 
plantings, the yellow and brown shades predominate. Secondary necrotic 

2 The term ^^whorP^ is used for convenience in designating groups of 3 contiguous 
leaves in the normal spiral in which pineap)ple leaves grow. 
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Pig. 5. A. Quick wilt in 4-line plot of Experiment III. Pliotographed July 20, 
B. Recovery in same plot. Photographed February 9, 1932. 


areas appear Oil affected leaves, presiiinably the result of invasion of old 
feeding pnnctiires by saprophytic organisms. When quick wilt occurs at 
early inflorescence or fruiting stages, the general appearance is one of dried 
up yellow brown leaves, frequently without the outward reflexing of the 
leaves. Quick wilt in young suckers and slips follows the same course as 
in very young mother plants. This type of wilt is produced by a short 
period of feeding by a fairly large colony of mealy bugs. 

SLOW WILT 

Wilt, occurring after the development of a large colony of mealy bugs, 
shows fewer color changes. A most characteristic symptom on slow-wilted 
plants is the large number of old mealy-bug feeding points. These may be 
of the green-spotting or chlorotie-spotting types (5). The leaves in this 
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type of wilt are usually so completely covered witli tliese feecliug areas as 
to eliminate most of the leaf tissue from functioning. The tips of these 
^ leaves are browned and dry and those of the outer leaves bend outward and 

droopj but there is none of the yellow pink charaeteristic of the quick-wilt 
type. The edges of the inner leaves are reflexed inward and flaccid to the 
touch blit remain upright and retain a drab green color (Pig. 2, B). Sec- 
ondary necrosis is coninionly encountered. 

. In both types of wilt the roots are collapsed, invaded by saprophytic 

organisms, or dried up. 

THE PINEAPPLE MEALY BUG 

^ Pseudococcus 'brevities is a member of the Homopterous family Goecidae. 

It has been reported (8) as partial to bromeliaceous and allied plants and 
is believed to be indigenous to Central and South America. In Hawaii it 
is found on a large number of host plants belonging to many families with- 
out close affinities. The principal hosts are pineapples, Ananm comosus * 
I (L.) Merr., banana, sisal^ and several grass species, of which panicum grass, 

Panicuni barbinode^ and red-top Natal grass, rosea Nees, are 

I the most important. 

The insect is partlienogenetic and viviparous ; its rate of development 
is slow^, at least 2 months being required for development from newly 
emerged larva to gravid female; it is covered by a whitish secretion of wax 
and secretes honeydew ; and it is almost invariably attended chiefly by two 
species of ants, Pheidole megacepliala (Fabr.), and Solenopsis geminata 
g, Fabr. var. rufa Jerdon, respectively. 

At the time of harvesting, the mealy bugs are found in large numbers 
j on the fruit and on the slips and shoots that grow out from the fruit and 

^ mother stems. Damage to fruit has been recognized for some time (9) and 

its quantitative estimation determined recently (6). 
i The inception of infestation and its development and spread in pine- 

apples have been studied and data presented in another paper (4). The 
movement into fields from wild hosts is charaeteristic and significant. 
Populations are thus established, first on the edge of fields with a gradual 
movement into the. field area. 

When these facts were established, the possible causal connection be- 
* tween edge wilt and the invasion of the field edges by mealy bugs was con- 

sidered. Experimental work began with tests of Pseudococcus brevipes as 
a single factor in the production of wilt. 

Experiment I. Pseudococcus brevipes as a single factor in the 
prod%icdion of pineapple wilt 

I The planting material used for this experiment was obtained from a 

field that had just previously had its first or ^ ^ plant-crop ' ' fruit removed. 
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At this time the old fruit stem bears a number of ''slips/' which, when 
broken off and cured by drying, are used to plant new fields. The field 
from which these slips were taken was infested with mealy bugs and all the 


PiCt. 6. A. Cage used for protecting pineapple plants growing in culture solution 
from aeeidentar insect inf estation. B. Mealy-bug colony unattended by ants. C. Cage 
used over pineapple plant growing in soil. 
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plants were green-spotted. Seven plants were stripped of tlieir slips and 
I ea 43 li lot constituted a separately marked family. All were fumigated with 

hydrocyanic acid, as described by Hagan (10). These slips were then set 
in culture solutions under cages designed to exclude all but the experi- 
mental insects (Fig. 6, A), The slips from 1 family were planted in ster- 
ilized isoil under somewhat similar cages (Fig. 6, C). Forty-four slips from 
the 7 parents were used: 20 were checks of which 3 developed small mealy- 
i bug populations, due to inadequate fumigation ; 2 were infested with 1 

J gravid female, each; 7 with 10 mealy bugs of various ages and 15 with 50 

j mealy bugs, all of which came from a badly wilted pineapple field. The 

I infestation time was varied, being made on 14 plants in September, a month 

^ after planting, and on 10 in November, 1930. The results of this experi- 

ment are presented in summarized form in table 1. The notes under 
‘^Appearance of plants” cover the whole period of the experiment, w^hich 
lasted for approximatel}^ 10 months. 


TABLE l.—Pseudococc%is 'brevipes as a single factor in the production of pineapple wilt 


No. of 
plants 

No. of insects 
applied to 
each plant 

Appearance of plants 

Green spotting 

On old leaves On new leaves 

2 

1 

Normal 

~ 44 

44 

4 

10 

{ ( 

.4444 

444 -a 

2 

10 

No typical symptoms 

4 4 

44 

1 

10 

Partial ivilt 

'4 - 

+ 

9 

50 

Normal 

On all i 

On all 

1 

50 

No typical symptoms 



4 

50 

Partial wilt 

444 

444 

13 

None 

Normal 

On all 

On 3b 

6 

None 

No typical symptoms 

4 4 4 4 



a Mealy bugs failed to establish, 
b Small populations of mealy bugs developed. 


Discussion of Experiment I. From the above table it is seen that new 
growth became green-spotted on all but the 1 plant on which populations 
failed to develop. Typical wilt symptoms developed in months on 1 
plant and in a less pronounced manner on 5 others in from 4 to 6 months. 
The most typical case of wilt obtained in this experiment (Fig. 7, A) was 
removed from its cage and dissected. The green spots on the leaves, evi- 
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Plant grown in cage (Pig. 6, A), showing typical wilt symptoms after 
mealy bugs. B, Plant of figure 4, B, 1 week after being trimmed and 
ution. Note new roots, 0, Leaves from wilted plant used for tests on 
; sequence on toxicity of Fsetidococcus Irevipes, 
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deuce of mealy-bug feeding*, were counted for each whorl of leaves. These 
data are listed below, the whorls being numbered, beginning at the inside 
growing point of the plant. 

Whorl 1. Only tips visible and they were necrotic. Whorl 2. First 
and 2nd leaves pink and flabby; 3rd leaf still green, except for browned 
tip : all covered with green spots. Whorl 3. All pink and flabby : covered 
with green spots. Whorl 4, First leaf— 54 spots on new growth, which 
was green. 2nd leaf 169 spots: leaf pink at tip and flabby. 3rd leaf pink 
and flabby, covered with spots. Whorl 5. Two, 20 and 38 spots, on new 
growth of leaves, normal except for slight paling. Whorls 6 to 10, Per- 
fectly green and normal : seattered green spots on old growth ; none on new. 

From this case it appeared that a relationship existed between area 
actually fed upon and amount of tissue collapsed. Five other plants 
showing localized wilt indicated further the possible quantitative relation- 
ship between area actually fed upon and leaf collapse, the area of leaf col- 
lapsed being coincident with that heavily spotted. Some of these cases 
simulated a type of wilt frequently found in the field and designated as 
‘HerminaP’ wilt. In this type the ends of the median whorls of leaves are 
pink, often with sharp demarcation between normal and affected tissue, 
while the center whorls are normal. This indicated that such types were 
the result of a short-lived mealy-bug colony’s feeding, which damaged tis- 
sue locally without any appearance of systemic effect. Some plants of this 
experiment showed green spotting on all the leaves that developed after 
infestation, for a period of 6 and 8 months, unaccompanied by any wilt 
symptoms. This indicated that green spotting per se was not a concomi- 
tant of wilt; neither did green spotting on planting material forecast later 
wilt of the plant. It will be noted that on only one- of the 9 plants, infested 
with less than 50 mealy bugs did typical symptoms develop and then only 
in a mild way, even though all these plants showed typical greeii spotting. 

This last question was tested separately by growing a series of plants 
that had been so heavily infested as to leave the foliage covered with green 
spots. The material was fumigated to remove mealy bugs and grovm in 
isolation cages. New grow^t^^ spot-free and perfectly normal in color, 
vigor, and growth. As was true in some of the plants of Experiment I, the 
old heavily spotted basal leaves yellowed and dried down. 

Effect of absence of ants. It usually has been considered that the pro- 
tective influence of ants was the major contribution to the mutual relation- 
ship of ants to mealy bugs. Experiment I, however, indicated clearly that 
a mealy-bug colony unattended by ants was abnormal. Masses of honey- 
dew and cast skins accumulate and the distribution of the young is seri- 
ously impeded. Instead of remaining in the heart of the plant where the 
most succulent tissue is, these small masses of gummy mealy bugs remain 


218 


Phytopathology 


[VoL. 23 


001 a Tory small area of leaf as tlie leaf grows out, sometimes persisiting even 
wlien tile leaf has beeoone shrivelled and brown (Fig. 6, B). It is signifi- 
cant in this connection that the most typical case of wilt obtained was one 
in which the mealy bugs promptly established themselves in the heart 
tissue. 

This experiment established for the first time the v ol^ oi Fseudococous 
hrevipes sls a single and primary factor in the production of ty 3 )ical pine- 
apple wilt. The low incidence was attributed to abnormal mealy-bug colo- 
nies, but the influence of the field complex was also considered, and an ex- 
periment was set out in the field plots. Progress in mealy-bug control gave 
some assurance that check plots could be kept clean by spraying (3). 

Experiment II. Effect of adding mealy Migs io pineapple plants, 
growing under natural field conditions 

This experiment considered 3 possible variables : size of initial infesta- 
tion, time of infestation, and type of planting material. There were 2 cases 
in each class, as shown in table 2, 


TABLE 2. — Arrangement of Experiment II 


Planted 

Inf e&tation dates 

9y'25/30 

2/3/31 

4/27/31 

Good planting 
material 

1 gravid 
female per 
plant 

50 mealy bugs, 
mixed sizes and 
ages 

1 gravid 
female per 
plant 

50 mealy bugs, 
mixed siz^s and 
ages 

Poor planting 
material 

1 gravid 
female per 
plant 

50 mealy bugs, 
mixed sizes and 
ages 

1 gravid 
female per 
plant 

50' mealy bugs, 
mixed sizes and 
ages 


The selection of good and poor planting material was necessarily em- 
pirical, but the gro'wth of the 2 types showed the expected differences in 
uniformity and vigor. There were 50 plots in all, containing 1,000 plants, 
of which 400 were scatter ed in 20 check plots. Each plot consisted of a 
section of a regular 2-line bed and contained 20 plants. Thisi set-up was 
duplicated in another field, but the 2 areas showed essentially similar re- 
sults. The better planting-material plots showed uniform growth ; the 
poorer planting material was uneven, some being very slow in starting. 
These differences became less pronounced as the season progressed. The 
mealy bugs used in these tests were obtained from wilting plants and came 
from an area where green spotting was general. 

There was rapid establishment of the colonies with noticeable differences 
obtaining, however, between the establishment on the plots planted with 
good planting material and some of the plants in the plots of poor planting 
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material. Tlie former, being uniformly succulent and Yigorous, showed 
uniformly rapid establisliment of the mealy-bug colonies ; the latter in- 
cluded some individuals that were retarded, and these had tougher tissue. 
Establishment on these plants was noticeably less rapid. In the area in- 
cluded in the experimental plots, Pheidole ants were present and promptly 
attended the mealy-bug colonies put on the plants. In figure 8 is shown 
the arrangement of plots for this and a subsequent experiment, and the 
results of the experiment are presented in tables 3 to 5. 

The results of this experiment, besides demonstrating the importance of 
Pseudococcus hrevipes in producing wilt under field conditions, revealed 
something of the intricacy of the problem and gave some suggestions as to 
the nature of the injury. 

The response of the plants to the infestation of 50 mealy bugs made on 
February 3, 1931, when the plants were 4 months old, was quite clear. 
Typical flabby collapse was evident April 27, 1931, on a considerable num- 
ber and by July 6, 1931, the whole series showed almost complete collapse 
(Pig. 3, A and B) . The mealy-bug populations were at this time extremely 
small, evidence of the fact that the bugs will desert a wilting plant. 

The response to single mealy-bug-infestation experiments made on the 
same date was, however, quite different. These plants had, in the course 
of time, developed large populations of mealy bugs ; yet the only evidence 
of plant response, except in the case of 5 out of the 80 plants in these plots, 
was in a slight spindliness of growth. These populations continued to in- 
crease until the basal portions of the inner leaves were literally covered by 
the colony. There was some variation in size of these colonies between 2 
widely separated pairs of plots, which wns of some significance in the end 
result. All these single individual infestations, however, developed popu- 
lations far in excess of those responsible for nearly complete collapse in the 
ease of plants that were subject to an initial population of 50 mealy bugs 
on the same day. 

On April 27 the second series of plots was infested. Plots that, up to 
that time, had been kept clean of mealy bugs by means of sprays were in- 
fested with 1 gravid female per plant or 50 mealy bugs per plant, as in the 
first series. As before, Pheidole ants promptly appeared in attendance. 
The plants by that time, of course, were larger and more succulent than at 
the time the first series was infested. All were normal in color and growth. 
The results of this second infestation added more evidence as to^ the ability 
of Pseudococcus Irevipes to produce a wilted condition of the pineapple 
plant, for, on July 6, approximately 10 weeks after infestation, some of the 
heavily infested plo-ts showed complete collapse and all showed a high per- 
centage of wilted plants (Pig. 3, C). The plants infested with 1 female, 
apart from developing considerable populations of mealy bugs during that 
time, showed no typical symptoms, except in 1 ease. 




This plant is shown in figure 12 A and B. 



TABLE 5.— Wilt and recovery occurring after 50 mealy hugs had been applied to each plant. Twenty plants m each plot. 

Plots infested April 2T when plants were 5 months old 


I 
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It -will be observed that the plants infested with 1 gravid female showed 
little signs of collapse in any of the plots until November, 1931. In Febru- 
ary, 1932, plants in plots 1 and 2 were nearly all wilted, while plots 13 and 
14 still showed a low incidence. This ditferenee was associated with great 
differences in populationis. Counts made prior to collapse in plots 1 and 
2 revealed that plots 1 and 2 were carrying populations of approximately 
1,500 mealy bugs per plant, while populations on plots 13 and 14 were ap- 
proximately 500 mealy bugs per plant. Observations made in April, 1932, 
showed plots 13 and 14 still superior to plots 1 and 2 in amount of recovery 
and numbers of normal plants. 

Comparison of the plots planted to good and poor planting material and 
both heavily infested indicates what was obviously true on inspection, that 
the more vigorous succulent growth was more susceptible to wilt produced 
by a sudden attack of mealy bugs. 

Plots 5 and 6 present additional data on this point. It will be observed 
that 8 plants were still growing on July 6, 1931. These plants had been 
noted as retarded and with poor establishment of the mealy bugs added 2 
weeks after infestation. They continued to grow and, though somewhat 
smaller than the lightly infested plants, were, nevertheless, normal in color 
and growth 8 months later, by which time very large populations of mealy 
bugs had developed. In April, 1932, mast of these plants were still no-rmal 
in appearance except for retardation and evidence of heavy mealy-bug feed- 
ing on the leaves. The capacity of the plants to- withstand a high popula- 
tion of mealy bugs over a long period of time, if the population develops 
from a low initial infestation, was strikingly illustrated in this experiment. 
On the other hand, the high toxicity of a large initial dose demonstrated 
beyond question the capacity of Psetidococcus l)revipes to produce typical 
wilt of pineapple plants under field conditions. 

In all these cases of wilt, in both light and heavy infestations, green 
spotting was pronounced and, in the ease of the plants collapsing after a 
period of a year, following extremely heavy feeding, the leaves were cov- 
ered with spots in various stages of development, from freshly made zonate 
spots to welts and areas of secondary necrosis.® 

The behavior of the cheek plots was carefully observed, since, from 
them, suggestions as to other inimical factors, could be obtained. There 
were 20 check plots in all, each containing 20 plants. In addition, up to 
the time of making the April 27, 1931, infestation, all those plots were also 
checks and at that time a few scattered plants showed symptoms of abnor- 
mality. This usually expressed itself as a reddening of the outer older 
leaves of the plant. Of the 400 plants in the checks on July 6, this redden- 

3 tl© deserix>tions of the types of green spotting and their development are too long 
to be ineliided in this paper. They are considered more fully in another manuscript (5). 
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ing of the outer leaves was somewhat evident on 18, 10 of which were in 
one of the plotsi planted to the better grade of planting material. Samples 
of these were submitted to the Pathology Department for examination for 
pathogens, with negative results. 

Six of the 400 were typically wilted, a condition that could not be 
ascribed to any known mealy-bug establishment, since these plots had been 
sprayed with oil emulsion at approximately monthly intervals. These 6 
cases and others, that followed were inexplicable until the data of the next 
described experiment were obtained, which indicated that these cases were 
the result of movement of mealy bugs from adjacent heavily infested plots. 
Observations made on August 18, 1931, revealed that all these cases were in 
direct apposition to wilted plots from which the mealy bugs had migrated. 

The eausality of the reddened outer-leaf condition remains unknown. 
As a factor, its low incidence and the fact that all the plants so atfected 
grew normally after a short period of retardatioai suggest that its contribu- 
tion to the collapse obtained in the infested plots was slight. 

While the laboratory experiment (No. I) indicated the minor position 
of green spotting, with respect to wilt, the generally spotted condition of 
the wilted plants in this field experiment left the question a moot one as 
far as quick wilt was concerned. The next experiment recorded additional 
data on this question and, at the same time, revealed a previously unsus- 
pected phase of the wilt problem. 

On April 27, when the second series of plots in Experiment II was in- 
fested, an adjoining plot appeared to oifer an oppoirtunity to test the reac- 
tion of much larger plants under several conditions of planting. This plot 
had been laid out in 2-, 4- and 6-line beds as per figure 8. At the time of 
infestation, May 4, 1931, these plants were vigorous and normal in every 
respect. This plot was in the same field as Experiment II and planted at 
right angles to those plots, so that one end of each bed was contiguous. 

Experiment III. Response of pineapple plants growing in various 
densities of planting to an initial infestation of 50 
PseiidococGUS hrevipes 

The inner ends were protected from infestation by virtue of their dis- 
tance from infested plants, so the last 4 plants in each line of 9 beds ■were 
infested wdth 50 mealy bugs taken from wilting plants. At the time the 
50 bugs were applied, these lines were free from ants. As frequently hap- 
pens in the field, absence of ants means either poor establishment or disso- 
lution of the mealy-bug colony. The infestations applied on May 4, 1931, 
did not establish and increase. The toxic dosage applied to these plants, 
therefore, was that imparted by the original 50 mealy bugs by feeding for 
a short time. 
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Observations made the latter part of June showed many of these plants 
^ ^ off coloTj ’ ’ that is, Avith the inner whorls of leaves distinctly reddened, and 
on July 6 a striking effect of the mealy-bug infestation Avas definitely evi- 
dent. There was almost no evidence of movement of mealy bugs from the 
infested plants to the adjacent plants in the same lines except in 1 case 
Avhere the 5th plant was infested and exhibited typical symptoms of 
a milder type (Pig. 2, A). The clean-cut division between infested and 
noninf ested plants Avas so clear as to remove any remaining doubt as to the 
role of Pseiidococciis Irempes in the production of wilt. Even more strik- 
ing was the fact that the infested plants showed no evidence of mealy-bug 
feeding (i.a., green spots) except in isolated cases, and, even in these, very 
careful examination was necessary to find them. In other Avords, a condi- 
tion that had, in the past, been ascribed to a complex of root troubles be- 
cause of the fact that no insect damage or insects could be found at the time 
symptoms Avere evident Avas here shown to be a phase of mealy-bug Avilt. 
The symptoms of Avilt in these eases Avere identical with those of Experi- 
menit II, except for the fact that green spotting Avas either extremely rare 
or absent. Table 6 summarizes the results of this experiment. 

Relation of Age of Plant to Susceptibility to Quick Wilt. On August 25, 
1931, the wilt in the foregoing experiment was still localized to the infested 
ends of each bed, the balance being vigorous and normal. A second section 


TABLE 6 . — Response of pineapple plant growmg in various densities of planting to 
an initial infestation of SO Pseudoooccus hrevipes: Effect of age of plant on susceptibility. 


First section infested 
5/4/31 

Plants D months old 

No. of plants 
collapsed 

Notes on recovery 

Bed 

No. of 

7/6/31 

10/2/31 

February 16, 1932 

Apxil 11, 1932. 

plants' 

Normal 

Recovery 

Normal 

Recovery 

2 line 

8 

8 a 

8a 

0 

5 

Oto 

5 

2 

s 

5 

7 1 

1 

7 

0 

7(l)c 

2 


4 

5 

3 

5 

3 

5 

2 

' ^ ' 

6 

8 

1 

7 

1 

6 

2 

8 

4 

5 

3 

5 

■ 2 

6(1) 

4 

16 

12 

13a 

5 

9 

4 

10 (1) 

2 ........... 

8 

5 

5a 

2 

5 

, . 2 

5 (1) 

2 /'..... 

8 

5 

7 

2 

5 

1 

6 (3) 

6 ............ 

24 

14 

20a 

6 

18 

2 

19 (6) 


a Movement of bugs had occurred to 0th plant on one line. This plant, wilting, 
to Fifth plant on one line now has small but normal fruit. All normal plants, this 
date, were fruiting. 

c Figure in parentheses indicates number of recovered plants bearing small fruits. 
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TABLE 6. — (Continued) 


Second section^ infested 
8/25/31 

Plants. 9 J montbs old 

No. of plants, collapsed ^ 

Notes on recovery 

Bed 

No of 
plants' 

11/10/31 

1/4/32 

2/9/32 

4/11 

Wilted in 
early 
fruiting 

./32 

Normal 

fruiting 

2 line 

8 

2 

4 

4 

3 

4 

2 

8 

3 

2 

3 

3 

5 

2 ‘‘ 

8 

3 

7 

6 

5 

1 

2 

8 

6 

5 

5 

3 

4 

2 

8 

3 

2 

2 

1 

7 

4 

16 

10 

10 

12 

11 

5 

2 

8 

8 

8 

8 

8 

0 

9, (c 

8 

4 

7 

7 

7 

1 

6 

24 

9 

12 

14 

11 

12 


a Tliird section mfested 1/20/32 — 2 plots to each bed. Plants 14^ months old. 
4/ll/32i onlj one plant showing symptoms; it collapsed. 


was then staked out in each of the beds (Fig. 8), consisting', as before, of 
4 plants in each line. The plants at this time were 94 months old. Mealy 
bugs from a wilting field were applied to these plants at the rate of 50 to 
each plant. At this time Pheidole ants were present and the mealy bugs 
established themselves. 

The results, of this second infestation are presented in table 7. There 
was considerable variation between beds in the amount of collapse ensuing 
and, on the whole, much less than occurred in the section infested May 4, 
when the plants were 34 months younger. The reduced amount of collapse 
in the section infested August 25 was in spite of the fact that mealy-bug 
colonies established in that section and in April, 1932, were to be found in 
large numbers on the fruits. It was thus made evident again that the es- 
tablishment of the colony was not necessary to ensure quick wilt, for in the 
first series practically complete collapse was obtained without establishment 
of colonies, while in the second series all the plants, not quick-wilting, de- 
veloped large populatio'us of mealy bugs. 

The development of wilt in these last plots demo'iistrated that plants 
showing unmistakable symptoms of wilt prior to the appearance of the in- 
florescence could develop small inflorescences, which, however, wilted and 
dried up. This, a common occurrence in the field, was thus shown to be 
due to an abortive attempt at recovery by previously wilted plants. On 
the other hand, cases were obtained of this general type that represented 
the first appearance of wilt symptoms. In rare cases, recovery proceeded 
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to such au extent as to permit the development of a. small but otherwise nor- 
mal fruit. 

Additional plots Avere marked out in the same beds (Fig. 8) and infested 
January 20, 1932, Avhen the plants were Hi months old. At this time the 
plants were in the stage just prior to the appearance of the inflorescence. 
The plots were duplicated in the same beds. Mealy bugs Avere taken from 
plants going into first ratoon^ and shoAving symptoms of wilt. Establish- 
ment of colonies proceeded, but on April 11 only one plant AA'as AAulted. 

Small colonies Avere to be found on the fruits at this time, but very much 
smaller than might have been expected from the size of the initial infesta- 
tion and the lengtli of time elapsing. The fact that colonies eistablished 
themselves immediately after infestation, hoAvever, indicates that the plants 
were adequately exposed. Since only 1 case out of the 192 shoAA^ed symp- 
toms, it is eAudent that susceptibility to quick Avilt decreases very rapidly 
with age of plant. 

Quick Wilt not the Result of Local Injury. Results of Experiment III 
could not be explained on the basis of localized injury and suggested an 
extensive diffusion of an extremely toxic material. Proof of this Avas ob- 
tained when typical quick Avilt resulted from the caging of mealy bugs on 
localized areas of leaves, the insects being placed as far down on the leaves 
as. was possible AAuthout mechanical injury to the plant. 

Comparison of the Toxicity of Mealy Bugs taken from Various Sources. 
The host-plant sequence of an insect is, no doubt, of importance in Condi- 
tioning the effect of the insect on its host plant. This question is of gen- 
eral significance, for most, if not all, insect-transmitted or induced diseases 
of plants involve the movement or migration of the insects conceimed from 
an alternate host or through a succession of hosts to the plant attacked. 

It is true that with virous diseases the case is complicated by the reac- 
tion of the virus per se to the changed host conditions as well as that of the 
insect vector. Attenuation of the virus of curly top (1, 14) is probably 
primarily an instance of the former. A suggestion as to the possibility of 
the latter Avas made by Carter (2, p. 82). In the case of insects whose 
secretiotns are toxic as, for example, the leaf hoppers causing tip burn of 
plants, the probability of host sequence affecting the nature of the secretion 
of the insect is much greater and its demonstration involves less difficulty. 

Experiment lY. Toxicity of mealy hugs as taken from the roots 
of 2 species of grass and from pineapple plants of 
various ages and conditions 

In Experiment IV, mealy bugs Avere taken from 6 different sources as 
listed below: 

4 The suckers arising from the mother plant after the first fruit has been harvested 
form the plants of the first ratoon; those arising from the first ratoon plants, the sec- 
ond ratoon, and so on. 
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1. Red-top Natal grass, TricJiolaena, rosea Nees, growing along tlie edge 
of a pineapple field that had become infested from that source. 

2. Healthy pineapple iilaiits, growing a few feet away from the red-top 
grass. Green spotting was either rare or entirely absent from these 
plants. In the general area involved in both this and the following 
sample, high populations and wilt without green spotting was the 
general rule. The mealy-bug colonies here clearly represented edge 
infestation, as extensive sampling revealed its localization to that 
area, of the field immediately contiguous to the grassy edge. It was 
difficult to find sufficient plants for this, class, since remoteness from 
wilting plants was a desirable factor to include, and it was necessary 
to consider this factor in terms of a few feet. 

3. Pineapple plants, showing initial symptoms of wilt. These were 
scattered along the edge of the field, rarely more than a few feet 
from the edge. It should be carefully borne in mind that the above 
3 types had, according to all evidence, a common, soriree of mealy 
bugs in the red-top Natal grass. 

4. Panicum grass, Paniciini larhinode, growing as an intercycle crop 
0*11 a previously badly wilted field. 

5. Young suckers of a coming first-ratoon pineapple field. These were 
taken from an area that had been under observation for some time 
and had contained high populations of mealy bugs the preceding 
year. There had been considerable collapse among the mother 
plants in this area and the suckers from which mealy bugs were ob- 
tained that were taken off for this experiment were all showing ini- 
tial symptoms of wilt. Green spotting also was marked. 

6. Small fruits and fruit tops, growing in an abandoned first ratoon 
field 1 year older than class 5. Tops were gx*een-spotted. This was 
a t}Tpieal field, abandoned because of wilt; most of the plants were 
wilted and the few remaining were characterized by tough tissue and 
had small stunted fruits. Considering the colonies obtained, from 
the standpoint of their nutritional history, there was probably con- 
siderable variation among them. 

Using the above described insect material, 2 widely separa.ted localities 
were chosen and plots arranged as per figure 9. One series replicated each 
treatments times; the other, 6. Fifty mealy bugs were applied in Sep- 
tember, 1931, to each plant in each plot, which included 20 plants, making 
^ a total of 1,080 plants in the 54 plots. 

The residts of this experiment are listed in tables 7 and 8. 

Though the infestation conditions were exactly the same in these 2 loea- 
J tioiis, as far as initial infestations were concerned, the progress of the colo- 

' nies differed materially. Location 1 was situated within a field a consider- 
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!Pia. 9. Arrangement of plots in Experiment IV. 


1933] Oaetee: Psbudococcus Brevipes and "Wilt op Pineapples 231 


TABLE 7 . — Toxicity of mealy hugs from 'various sources. Plants infested during Bep- 
temher, 1931. Total number of plants wilted in each series, 
at each date of observation 


Source 

Location 1 

Location 2 

11/25/31 

1/4/32 

2/8/32 

11/25/31 

1/4/32 

2/3/32 

Eed-top grass 

0 

6 

6 

2 

3 

5 

Healthy pineapple 
plants contigu- 
ous to grass 

2 

i 

4 

11 

2 

, 6 

11 

Wilting pineapple ' 
plants from same 
area 

3 

53 

66 

6 

30 

41 

Paiiicum grass 

1 

5 

5 

■ 2 

2 

4 

Wilting suckers 
from field going 
into- first ratoon 

24 

73 

80 

21 

51 

53 

Eirst-ratoon fruits 
and tops from 
abandoned field 

10 

51 

68 

10 

16 

25 


able distance from tlie edge. There were no ants in the vicinity. In addi- 
tion to this, large numbers of Conocephahis salt at or (Sauss.), a grasshop- 
per reported (12) as occasionally predacious on mealy bugs, were seen in 
the plot. Examination of these plots the day after infestation showed 
establishment to be proceeding normally, but, prior to the first wilt count, 
careful examination revealed not a single colony established. In the other 
plots Pheidole ants appeared promptly after the mealy bugs were intro- 
duced. The 2 areas can thus be compared with respect to the influence of 
establishment of colonies on development of quick wilt. Location 1, con- 
taining twice as many plots as location 2, which was ant-attended, should 
have shown twice as much collapse if the establishment of colonies was en- 
tirely immaterial, a condition that did not hold true except in 1 case. The 
probability of extremely short-lived colonies in location 1 was great, and 
the results indicate that even quick wilt has a minimum dosage require- 
ment. 

Prom figure 10 it is seen that there was a gradual rise in toxicity, ac- 
coi^ding to the source of mealy bugs. This toxicity reaches its peak 
in mealy bugs from young suckers from plant-crop mother plants. The 
reduced toxicity of mealy bugs from the ratoon crop, which was 1 year 
older, is possibly of some significance. If relative toxicity can be expressed 
in terms of time ensuing before collapse occurs, the mealy bugs from young 
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Panicum PeJTop youftj, Wihiy Frolnef 

Grass ^/ata! Healthy Wilted /strateon Wind 
Grass Pineapple Pntajfk SucHers /strafeon 
Plants Plants SucHers 

'Source oP Mealy Bu^s 

Fig. 10. Plants wilted when mealy bugs from various sources were used. 

siickersi w^ere the most toxic in this respect also-, since, on January 4, nearly 
all the collapse to occur took place in these plots. 

Variability in the plots infested from any one source isi of interest. This 
is shown in table 8, where individual plot totals are shown. 


TABLE 8 . — Variation 'between plots infested with mealy bugs from the same source. 
Number of plants wilted in each plot S months after infestation 


Source 

Location 1 

Location 2 

Total of 

9 plots 

Panicuni grass 

0 

0 

1 

1 

1 

2 

0 

, 1 

3 

9 

Bed-top grass 

0 

0 

0 

1 

1 

4 

0 

1 

4 

11 

Healthy, young pine- 











apple plants 

0 

0 

1 

2 

2 

6 

2 

3 

6 

22 . 

Wilting, young pine- 











apple plants 

4 

6 

10 

13 

14 

19 

10 

11 

20 

107 

Wilting suckers 

■7. 

9 

12 

■ 15 i 

17 

20 

1 16 

17 ■ 

20 

133 

First-ratoon fruits and 







r ' , 




tops 

6 

7 

10 

12 

13 

20 

I <5 

8 

11 

93 
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These variations may be due tO' differences in susceptibility of individ- 
ual plants. They may, however, be due rather to variations in the original 
mealy-bug infestations. The healthy plants used may have been previously 
infested for varying lengths of time and more or less close to showing wilt 
symptoins. The same holds with respect to the young plants; in early wilt, 
since these differed considerably in the extent of evident wilting. The 
mealy bugs from young, wilting suckers were probably a more uniform 
sample than any of the others as to length of time spent by the colony on 
pineapples and also as to the stage of wilt developed in the suckers. 

The material from ratoon fruits and tops was most variable; fruits were 
of various sizes and conditions, most of them stunted and growing on plants 
that varied considerably in succulence. The plots of this series varied most 
in amount of collapse. Examination of all these plots revealed no relation- 
ship between green spotting’' and amount of collapse. Mealy bugs from 
wilting young plants produced green spotting in only 1 plot out of 9 on 
January 4, while plots infested with mealy bugs from old, green-spotted 
ratoon-field plants showed green spotting to be general. 

Preliminary tests of the effect of a reversed host sequence are described 
in Experiment Y. 

Experiment V. Preliminary tests of the effect of host sequence 
on mealy-Mig toxicity 

Since experiments on toxicity of mealy bugs from various sources had 
indicated a relationship between toxicity and host plant or host-plant con- 
dition, the following experiment was performed in the laboratory. 

A mealy-bug colony from wilting suckers was clivided into 3 parts. One 
aliquot was placed on Panicum grass and, after feeding thereon for 9 days, 
the mealy bugs were transferred to healthy pineapple plants, 50 to each of 
5 plants. A second aliquot was transferred to the leaves of another pine- 
apple plant in advanced wilt. These leaves were separated from the plant 
and kept in tubes, as shown in figure 7, C. After feeding on these wilted 
and drying leaves for 19 days the mealy bugs were transferred, 50 to each 
of 4 healthy pineapple plants. The third aliquot was transferred clirectly 
to healthy plants, 50 mealy bugs to each of 5 plants. The results of this 
experiment are shown in table 9. 

A colony of mealy bugs from red-top Natal grass was divided. Some 
were placed directly on healthy pineapple plants, 50 to each of 5 plants. 
Another aliquot was fed on leaves from the same badly wilted and green- 
spotted pineapple plant used in the last-named experiment. After 11 days 
on these leaves, the bugs were transferred in the same manner to 3 healthy 
pineapple plants. Neither transfei* resulted in either wilting or green 
spotting. 
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TABLE 9.~-JSfect of host-plant sequence in modifying toxicity of mealy lugs 


Host sequence j 

Number of plants 
used 

Wilt ensuing 

Wilting suckers direct to liealtliy i 
plants 

5 

4a 

From wilting suckers; to Pani- 
eum grass for 9 days; thence 
to healthy plants 

1 ■ ■■ ■ 5 

Oa 

Ftom wilting suckers to leaves of 
a plant in advanced stages of 
wilt of 19 days; thence to 
healthy plants 

4 

1 partial wilta 
Edges of leaves 
on remaining plants 
reflexed inward 


a All theso plants were green-spotted. 


In view of the small number of plants used, the evidence of these experi- 
ments can be considered only as preliminary. It is, however, rather clearly 
indicative. The wilt obtained was typical and pronounced, so the complete 
absence of wilt in the plants fed on by the mealy bugs from wilting suckers 
via Panicum grass indicates the profound eifect of changes in the insect’s 
nutrition on the toxicity of its secretions. The fact that mealy bugs will 
forsake a wilting plant is evidence of the unsuitability of such plants as 
hosts; so, the results obtained by forcing the insect to feed on a wilted leaf 
for a considerable time are similarly indicative of a modification of the in- 
sect’s secretion. 

Comparison of Green-spotting and Nongreen-spotting Mealy Bugs in Rel- 
ative Capacity to Produce Wilt. Field observation had shown that, while 
green spotting was generally to be found in wilted areas, it was not neces- 
sarily always associated with wilt, even under field eonditions. As has been 
mentioned, some of the mealy bugs used in the above experiment came from 
wilted plants showing no gTeen spots. Other areas on the island of Oahu 
revealed the same to be true, even though of rare, occurrenee. On the 
island of Kauai, however, there are areas that have been under intermit- 
tent observation for the last 2 years and have shown no green spotting, 
although typical wilt associated wdth high mealy-bug populations, is com- 
mon, A laboratory experiment was, therefore, setup, using mealy bugs 
from wilting plants from 1 of these areas on Kauai in comparison with 
typical green-spotting mealy bugs from wilting plants on Oahu. 

The conclusion was definitely established from this experiment that 
typical wilt of pineapple® follows tending oi Psettclococctis Irevipes iTve- 
spective of green spotting. The development of the wilt obtained in both 
series indicates clearly the limited extent of the injury, since, with the great 
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reduction in size of colonies, most of the plants, had normal center leaves 
after 5 months. 

The results indicate, however, that in the presence of green spotting, 
wilting is somewhat more severe ; though such evidence as there is on this 
point may be explained as due to the much more rapid establishment of the 
green-spotting colonies. The gr een -spotting colonies established more rap- 
idly and have maintained themselves with much greater vigor than the non- 
green-spotting colonies. 

In May, 1932, these latter colonies were reduced in every case to a few 
scattered individuals, while the green-spotting colonies were vigorous, and, 
in some cases, very large. Evidence of the existence of biological strains 
of mealy bugs is considered in more detail in another paper (5). The mat- 
ter is mentioned here, since such strains, or perhaps even physiologi- 
cal states, of a colony, may be of importance in determining the toxicity of 
the colony to pineapple plants. 

Recovery of Wilted Plants. This is a phenomenon that has been consis- 
tently encountered during the course of this study. Notes, are included in 
tables 3 to- 7 on the recovery of plants under several conditions of infesta- 
tion and subsequent collapse. In all the infestations, of 50 mealy bugs to 
the plant made in Experiment II on February 3, 1931, recovery followed 
the apparently complete collapse of the plant. This manifested itself in 
the production of new leaves in the center, normal in color, but very nar- 
row and somewhat brittle, giving the effect of spindly growth noted in the 
tables. This new grovd^h, while of no signiffcance eommereially, isi of great 
interest in that it demonstrates that the meristematic tissue was not injured. 

The plots infested April 27, 1931, with 50 mealy bugs showed this re- 
covery in a much gTcater degree. The most clean-cut example is shown in 
figures 4, A, and 11. This series' of photographs of the same plot illustrates 
the gradual recovery from an apparently complete collapse. A laboratory 
experiment was performed on 5 of the plants from this plot, which accounts 
for the blanks seen in figure 11. These plants were pulled and the dead 
roots and old butts trimmed off. The plants were then set in culture solu- 
tions. All promptly produced apparently no-rmal roots. This series is 
shown in figures 4, B, and 7, B. 

The recovered plants in this plot, at the time of photographing, figure 
11, B, harbored colonies of mealy bugs that obviously totaled more than 
the 50 of the original infestation. It should be recalled that the colonies 
developing on these plants practically disappeared with the collapse of the 
plants, so that the colonies found on the recovered plants represented a 
gradual building up from the few remaining on the plants. The fact that 
the plant could recover to the extent shown is a remarkable instance and is 
strongly suggestive of an antitoxic or accommodatory reaction on the part 
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Pig. 11. A. Same plot as m figure 4, A. Photographed Nov. 20, 1931. B. The 
same plot photographed Feb. 9, 1932. 


of the plant. On April 11^ 1932, 1 of the plants in this plot was beginning 
to wilt for the second time • the balance showed no wilt symptoms. 

Recovery on the plots of Experiment II was of interest in indicating 
the relationship between age of the plant at the time of collapse, and sub- 
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sequent recoyery. Obseryatioiis, made April 11, showed that recoyery had 
taken place on the plants of the first infested plot to the extent of permit- 
ting the development of small but otherwise normal fruits on 3 plants and 
apparently normal but small infloreseenees on 13. The plot infested 3-| 
months later showed 6 plants wilting on February 16, which, on April 11, 



Pig. 12. A. Plant showing resistance to quick wilt. July 4, 1931. B. Collapse of 
plant in A, from slow wilt Nov. 20, 1931. Note recovery of contiguous plants. 
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were recor clod as bearing normal fruits. All tlie otlier cases of wilt re- 
corded February 16 in this, plot showed either no. further growth or an at- 
tempt at reicO'Yeiry, which culminated in a small inflorescence, at which point 
the plant eeaseel growing and the inflorescence dried up. 

When pineapple plants have collapsed from slow^ wilt, recovery appar- 
ently does not occur. This was particularly evident in plot 1 of table 3. 
The other plots of this series showed some spindly recovery, but these were 
the plants that had been the first to collapse. Plot 5 of table 4 had 1 plant 
that did not develop quick wilt, while all the. surrounding plants did. On 
July 4, 1931, thisi one plant was outstanding, as shown in figui^e 12, A. 
Following this, a very large colony developed, although the plant attained 
large size. In the mea.nt.ime the collapsed plants in the same plot began to 
show spindly recovery. On November 20, 1931, as shown in figure 12, B, 
the large plant had collapsed from slow wilt. 

Three other expressions of recovery should be mentioned. If the mealy- 
bug colony is short-lived or disappears entirely after collapse of the plant, 
the center wdiorls. of leaves are normal in color, except for reddened or chlo- 
rotic areas at the tips. As the plant grows the new leaves are normal and 
the originally affected whorls show tip reddening only. This type is fre- 
quently encountered within fields where colonies have started on infested 
planting material and ha.ve died shortly afterwards. Another type follo^vs 
recovery from quick wilt in 8- to 10-montlnold plants (Figs. 1 and 5, A, and 
B). It is characterized by brittle, narrow, new, central leaves with a 
reddish brown cast. This condition is more likely tO' be confused with plant 
failures due to other ca,use:S than any of the previous types. The third type 
is characterized by the occurrence of wilt in early fruiting ; the production 
of noannal suckers in these cases is a commonly eneorintered phenomenon. 
It should be borne in mind that none of these recovery t}q)es are of any 
significance commercially. 

Evidence for the Plantes Accommodation to Mealy -hng Feeding. As has 
been shown in Experiment II, tables 3 to 6, a suddenly applied colony of 
50 mealy bugs produced wilt quickly in plants from 6 to 11 months old- 
On the other hand, som% plants infested with 1 gravid female grew to a 
large size, even though colonies comprising over 1,500 individual mealy 
bugs developed before the plant finally succumbed to wilt. Some plants, 
similarly infested, but that had by November 20, 1931, developed colonies 
of approximately 500, produced a large percentage of normal-size fruits. 
Since the mealy bugs were all taken from the same source, these differences 
cannot be explained on a basis of difference in individual mealy-bug tox- 
icity when the insects were first placed on the plants. 

To test tliis, some of the mealy bugs from pne of the large colonies; were 
taken on December 17, 1931, from a still healthy plant in plot 1 and each 
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of tlie plants growing in soil and under cages was infested with 50 of these 
mealy bugs. Another lot of plants was similarly infested with mealy bugs 
from the most toxic soriree known, ie., wilting first-ratoon suckers. There 
were 9 plants in each lot. Observatio'us; made up tO' April 19, 4 months 
after infestation, rervealed essentially the same results from each. Com- 
plete as well as partial collapse occiirred in both series in the same lapse of 
time. It was evident from this experiment that both lots of mealy bugs 
were equally toxic. 

Evidence of the ability of the plant to withstand a large population of 
mealy bugs for a long time, if the colony started from a very small initial 
infestation, can be eommo'nly seen in any of the pineapple areas in Hawaii. 
The fact is of great importance, for, while quick wilt is extremely difficult 
to stop, once mealy-bug colonies are established on pineapple plants, the 
holding down of mealy-bug populations to a very low level is practical and 
is being accomplished. Further experiments on the subject of the accom- 
modation of the plant to mealy-bug attack are now under way. 

The Possible Naiiire of the Injury, Mealy-bug wilt of pineapi^le appears 
to present a type of insect-induced plant disease for which it is difficult to 
find a parallel case, although there are pointsi of similarity with hopperburn 
of potatoes (7) and sugar-cane froghopper blight in Trinidad (18, 19). 
There is no positive evidence of either a virus or a ''transmissible’/ dis- 
ease, transmissible in the sense of being transferred by insect "pick up” 
from 1 plant to another. On the other hand, there is definitely negative 
evidence to the contrary. 

Vegetative planting material from areas that have collapsed shortly 
after removal of the slips has been used for years in the ordinary plantation 
practice. This planting material has almost invaluably been infested, at 
time of planting, with mealy bugs from the same colonies as those that pro- 
duced wilt in the parent plants. The relationship between size of initial 
infestation and later behavior of the plant indicates clearly that a time- 
quantity relationship holds. The remarkable recovery of the plant is fur- 
ther evidence that we are not dealing with either a virus or a transmissible 
disease, in the limited sense. It would seem that the injury is more likely 
to be a toxic seeretion that is diffusible but incapable of reproducing in the 
plant. The aecommodation of the plant to large but gradually developed 
colonies is inexplicable if a living systematically distributed entity is postu- 
lated as causal. 

The speed and completeness of the collapse in the ease of plants that 
have been subject to a sudden and heavy attack indicate a systemic condi- 
tion, but the recovery of these plants as shown in figures 4, A, and 7, B, 
shows that, even in those cases, the toxic principle did not kill either the 
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root primordia or the meris-tematic tissue at the base of the new leaves. The 
cases of terminal wilt appear to be examples of restricted diffusion of the 
toxin. 

'Whether quick and slow wilts are expressions of the same causality can- 
not be definitely determined now ; the latter case may be due to a combina- 
tion of a weakening of the plant accommodation or the gradual elimination 
of the functional leaf tissue or both. The latter, as a single factor, is 
unlikely in view of the fact that the plant can withstand the removal of a 
large proportion of its leaf tissue without untoward effects. 

Data on the influence of source of mealy bugs and subsequent plant 
collapse indicate differences in degree rather than kind and suggest what 
seems to the writer to be a reasonable hypothesis of great significance if true. 
That is to say, the toxicity of the insect's secretion varies with the nutri- 
tional conditions under which the insect is living. This toxicity decreases 
after reaching a peak attained shortly after plant-crop harvest, so that mealy 
bugs from old ratoons are actually less toxic than those that have developed 
on the extremely succulent , plant-crop tissue. No conclusion as to the 
nature of the injury is yet possible. The question has merely been ox)ened 
up for further work. 

Mealy Bugs in Relation to Other Inimical Factors. Although Pseudo- 
coccus Irevipes has been shown by laboratory experiments to be a primary 
and single factor in causing wilt, with symptoms similar to those found 
under field conditions, it still remains true that, in the latter case, mealy 
bugs are operating in the presence of a biological complex that may condi- 
tion' their effect on the plants. Since time-quantity relationships hold for 
mealy-bug toxicity, it follows that the presence of other inimical factors 
might reduce both the amount of mealy-bug infestation necessary and the 
time over which it operates to produce wilt. On the other hand, mealy-bug- 
wilt symptoms might mask the effects of other factors that might, them- 
selves, be important eontributors. 

Evidence is accumulating, however, from a large series of control experi- 
ments, as well as from commercial fields that have been consistently treated 
for mealy-bug control, that mealy-bug wilt is the major factor in failure of 
pineapples in Hawaii and that other factors only operate in extremely local- 
ized areas and sometimes then only under abnormal weather conditions. 

SUMMARY AND CONCLUSION 

The pineapple mealy bug. Pseudococcus lorevipes, has been shown by 
laboratory and field experiments to be primarily responsible for a wide- 
spread collapse of pineapple plants. Since symptoms are characteristically 
of the wilt type, the term ''mealy-bug wilt" is a suitable designation. 
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Green spotting of pineapple leaYes is a localized effect at the insect’s 
feeding point and not a typical wilt symptom. Wilt is more pronounced, 
however, where green spotting is present. Ants are important contributors 
to the vigor of a mealy-bug colony and the incidence of wilt is low where 
these species, notably Pheidole megacephala and Solenopsis geminata var. 
rufa, are absent. 

The disease assumes many forms, dependent upon the size, time of onset 
of the initial mealy-bug population, the vigor and succulence of the plant, 
and the fact that recovery in various degrees is commonly encountered. 

Quick wilt is the type that follows a sudden attack by a number of mealy 
bugs. Approximately 2 months are required for development of typical 
sjnnptoms. The establishment of the mealy-bug colony is not necessary to 
produce quick wilt, a short period, only, of feeding by the insects being 
sufficient. Under these circumstances there is a rapid diffusion of the toxic 
principle. This diffusion may be localized to the leaf area actually fed 
upon or it may affect 2 or 3 leaves or the entire plant. It does not, however, 
kill the meristematic tissue either of root primordia or younger leaves. Sus- 
ceptibility to quick wilt decreases under conditions of reduced vigor and 
succulence and age of the plant. 

Recovery from quick wilt is commonly encountered. It is usually of 
no commercial significance but sometimes results in the production of small 
but otherwise normal fruits. 

Evidence of antitoxic reactions on the part of the plant is available, foi 
when a colony develops from a single gravid female, no quick wilt occurs, 
even though enormous numbers of mealy bugs are feeding on the plant. 
If such a colony continues over a period of many months, slow wilt may 
occur, from which there is no recovery. The size of the colony and the 
length of time it operates determine whether slow wilt w'ill occur. 

There is definite evidence that the mealy bug’s toxicity varies with the 
kind and condition of the insect’s host plant. This is believed due to 
changes in the insect’s secretions induced by the varied nutritional condi- 
tions afforded by the host plants. 

Mealy-bug wilt appears to he an insect-transmitted disease for which 
no closely parallel ease is known. The evidence points to a nonliving toxic 
insect secretion of variable diffusibility as causal. 
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THE SPOTTING OP PINEAPPLE LEAVES CAUSED BY PSEUDO- 
COCCUS BREVIPES, THE PINEAPPLE MEALY BUG^ 

W A L T E R. 0 A R T E E 
(Accepted for x)nblieatioii June 29, 1932) 

INTRODUCTION 

The green spotting of pineapple plants caused by the feeding of pine- 
apple mealy bugs, Pseudococeiis hrevipes (CkL), is conspicuous in many 
pineapple areas in Hawaii. It was considered a characteristic symptom of 
pineapple wilt by Illingworth (3) . Experimental evidence obtained by the 
writer and recorded in another manuscript (1) led to the conclusion that 
^Hypical wilt of pineapple follows feeding of P. hrevipes, irrespective of 
green spotting,^' even though wilt appears to be more severe in areas where 
green spotting is the rule. This conclusion is also supported by much field 
observation. For the purpose of this study, therefore, the phenomenon of 
green spotting has been considered as something separate and distinct from 
pineapple wilt. For pui'poses of comparison, the injury following the feed- 
ing of nongreen-spotting mealy bugs was studied also. 

TYPES OP SPOTTING RESULTING FROM MEALY-BUG FEEDING 

A. Green-spotting Bngs. Like other members of the genus, Pseudoooc- 
ciis hrevipes, though capable of active locomotion, normally feeds at one 
place on the leaf for some considerable time. If a leaf is pulled out of the 
center of an infested pineapple plant, the mealy bugs can be seen en masse 
near the white tissue at the proximal end of the leaf. This relative posi- 
tion is maintained unless the colony becomes very large, in which case it 
extends up the leaf for some distance. 

In this white tissue, and especially at the poorly defined junction of 
green and white tissue, faint yellow-green homogeneous spots appear. As 
the leaf grows out, these spots retain their relatively darker color than the 
surrounding tissue. By the time the leaf area in which they are has be- 
come normally green these spots are clearly defined, but they vary a good 
deal both in initial appearance and development. Early laboratory tests 
indicated that green spotting was localized around the insect’s feeding 
point. Tests to determine this were made by caging mealy bugs on small 
areas of pineapple leaves, as shown in figure 1, A. Spotting consistently 
occurred, but only on those areas where the insects had fed, 

^ Pulblislied with the approval of the Director as Teieimieal Paper No. 49 of the 
Experiment Station of the Association of Hawaiian Pineapple Canners, University of 
Hawaii. 
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Fig. 1. Portions of pineapple leaves, A and D being from seedling leaves. A. Area 
with a felt-eelliiloid cage for confining mealy bugs and one showing green spots confined 
to portion that bugs fed upon. B. Homogeneous spots on margins, welt-like spots in 
median area and areas of secondary necrosis. C. Disappearance of outer green zones 
from leaf marked when spots were normally zonate. D. Fixation of color in mass of 
green spots and extremely chlorotic areas between them. E. Large green spots with 
dark centers. At left note the spot in the chlorotic tissue at i')roximal mirl of loaf- 
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The principal forms taken by these spots are listed below and illustrated 
in figures 1, B“E, and 2, D. 


Fig. 2. A. Section tlirongli chlorotic spot, showing thickened cell walls and densely 
staining areas filled with homogeneous nmeilage-like substance. B. Green spots with 
dark centers on seedling leaf. C. Same leaf as in B, after clearing in 95 per cent alco- 
hol and staining in iodine-potassiuin-iodide solution. Note dense staining of green spots 
and their light unstained centers. B. Grouping of chlorotic spots in areas of irregular 
margin. E. Tubed leaf of pineapple seedling used in laboratory experiments. 

1. A faint, usually circular, homogeneous, spot of yellow-green in the 
white tissue of the leaf . Frequently 2 or more in a small group. 2. Homo- 
geneous, Usually circular, darker green area in the young, green tissue; 
sometimes slightly depressed. 3. As in 2, but with a concentric zone of 
lighter green around the darker center. This lighter zone is still daiker 
green than the normal tissue. Frequently the outer zones of 2 or more of 
these .spots will merge. The zonate character of a spot may appear with 
the first sign of spotting, dr much later, i. Green welts. The green spot 
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becomes slightly raised in somewhat older tissue and is particularly con- 
spicuous in chlorotic leaves that have shrivelled. Occasionally these welts 
develop a small browned center of secondary necrosis. 5. The darker cen- 
ter of the zonate spot becomes chlorotic and the outer zone either disappears 
entirely or nearly so. Wlien the leaf shrivels and becomes chlorotic these 
spots show as faint green welts. Spots may be ehlorotie-centered from the 
beginning, but this is rare. 

The spots vary from approximately 1 mm. to 10 mm., the average being 
from 3 to 5 mm. in diameter. In the largest one encountered, the darker 
center was ovoid and measured 4x2 mm. Size of spots is sometimes asso- 
ciated with a particular mealy bug or group of mealy bugs. One small col- 
ony produced spots on a seedling leaf 6-8 mm. across. This size of spot 
was maintained through several transfers, finally, however, appearing nor- 
mal in size. When a large colony is present the leaf is sometimes literally 
covered with spots in all stages of development. 

B. Feeding Marks of Nongreen-spoiiing Bugs. These are of a much 
simpler character. A nongreen-spotting mealy bug leaves either no defi- 
nite mark or a chlorotic spot, sometimes circular but usually of irregular 
margin and very variable in size. A large colony will sometimes cover the 
leaf with such areas so that it appears almost translucent. In these cases 
there is usually some rugosity due to the irregular shrinking of the leaf. 
The chlorotic spots usually develop a brown necrotic center. 

While an individual green spot is the result of the feeding of a single 
mealy bug, the chlorotic area is more usually the result of a mass of mealy 
bugs feeding in one very localized area for some time — several days, or even 
weeks, in the case of young and succulent plants. 

PRELIMINARY STUDIES OF THE ANATOMY OP THE SPOTS 

In view of the variety of forms of green spotting and the complexity of 
the problem as revealed by transmission studies, anatomical studies have 
been limited to the grosser features with a view to comparing the chlorotic 
with the green-spotted area as a means of establishing the specific identity 
of the 2 types. 

Mealy-lug Feeding Tracks. The feeding tracks left by Homopterous in- 
sects in plant tissue have been studied in detail by other workers (2, 4, 6). 
The tracks of Fseudoooocus larcvipes are readily found in both types of 
spotting. They are remarkably uniform in width and surface. Theyt 
penetrate intracellularly to the region of the fibrovascular bundles where 
they may branch, each branch leading to a separate bundle. Rarely a track 
may pass through the entire width of the leaf, curving back without inter- 
ruption to a point near the fibrovascular bundles where branching may 
occur. 
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No differences in general morpliology have been observable between 
feeding tracks in green and chlorotic-spotted areas. In view of the concln- 
sion reached that the 2 types are the result of differences in secretion, a 
comparative mierochemical study of feeding tracks should prove fruitful. 

The Chlorotic Area. Sections through these areas show degenerated 
chloroplasts (Figs. 2, A, and 3). When stained with iodine-potassium 


Enlargement of portion of figure 2, A, showing degenerated chloroplasts, cell- 
wall thickening, and densely staining cell contents. 

Stained with dilute safra- 
This varies in extent, 
and especially so 

when the center of the spot appears browned with secondary necrosis-. This 
central area, in section, showed heavier vein thickening from the epidermis 
to the ffbrovaseular bundles. The finding of old feeding tracks in this area 


iodide it is seen that the area is free of starch, 
nin, a thickening of the cell walls can be clearly seen, 
being more pronounced in the central portion of the area 
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tweeai cMorotic areas on the same leaf and on dift*erent plants appear as 
slight variations in the extent of vein thickening. 

Green Spots. These present an entirely different morphological picture. 
In the earliest stages, Avhen the green spot shows as a faint yello-vv-green 
area in the white tissue, sections show the area to be a zone of hyperactiv- 
ity. The ehloroplasts are clearly formed within the area that is surrounded 
by normal vdiite tissue in which no ehloroplasts are to be found. Stained 
with iodine-potassium iodide, after clearing in 95 per cent alcohol, the 
ehloroplasts in the area of the spot become deeply stained, so that the con- 
trast between it and the surrounding tissue is heightened. 

Green spots within normally green leaf areas show this same deeper 
staining with iodine-potassium iodide with a diffused muddy-brown color 
throughout the area of the spot, as W' ell as the deep-stained ehloroplasts. 
When stained with 1 per cent acid fuchsin without clearing the leaf, a dif- 
fused pink fills the area. When stained after clearing, it is pale lavender, 
with seattered cells throughout the normal leaf tissue filled vdth diffuse 
pink. There is a curious difference in the ease of spots having a deeper 
green central zone. When such a leaf is cleared and stained with iodine- 
potassium iodide, the stained area is exactly coincident with the area of the 
spot except for the central zone, which shows no evidence of starch (Fig. 
2, B and C). This central area is that through which the insect’s mouth 
parts actually punctured the leaf. 

No evidence has been obtained to indicate thickening of cell walls or 
other injuries, as seen typically in the chlorotic area, in any of the forms 
of green spot. The typical condition in these is enlargement and increase 
in number of ehloroplasts. When tissue is cut from a green spot and 
macerated on a slide, flat plate-like polygonal bodies, wuth irregularly thick- 
ened edges, are to be found. The bodies stain deeply with iodine-potassium 
iodide. Similar treatments of normal tissue from the vicinity of the spot 
show these to be absent. 

The green welt, isolated in a completely chlorotic area at the drying tip 
of a leaf, presents a curious picture. In such a spot the cells appear still 
to be living, even though the cells of the surrounding tissue are dead and 
shrunken. 

The Occurrence of the Two Types in the Field. Field observations on 
the islands of Oahu and Kauai suggested that green spotting was not neces- 
sarily a concomitant of mealy-bug feeding, even where pineapple wilt was 
present. In a considerable portion of the pineapple area on Kauai, no 
green spots could be found, even in badly wilting plants. In other places 
green spotting is rare, only very small pinhead-size spots being found and 
they only oecasionally on any one plant. In other areas, notably in the 
drier lands, green spotting is the rule. Plants carrying nongreen spotting 
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colonies are occasionally found on all the islands of the group, but green 
spotting in greater or less degree is the rule on all the islands but Kauai. 
Observations on an experimental plot on Oahu in the spring of 1931 re- 
vealed large colonies present but no green spotting along a field edge of 
approximately i mile, except in 1 small plot. Typical wilt was associated 
with the chlorotic type of feeding spot. Occasionally, 2 plants growing in 
extremely close proximity will show green spots on the one and not on the 
other. Green spotting will sometimes appear on the plants for the first 
time on the crowns of the fruit. 

Mealy bugs from hosts other than pineapple were tested for green spot- 
ting. Two of these host plants, Panicum grass, Panicmn iarhinode, and 
red-top Natal grass, Tricholaena rosea Nees, are important sources of 
mealy-bug infestation since they are frequently found on the edges of fields, 
and colonies from these 2 species have been maintained on pineapple seed- 
lings over a considerable period. No positive evidence of green spotting 
by colonies from either grass has yet been obtained. Two species of sisal 
are typically green-spotted by PseudococcAcs 'brevipes, and transfers of the 
insects to pineapple resulted in the prompt green spotting of the leaves. 
Pseudococcus brevipes from the roots of purslane, Porhilaca oleraceus 
Linn., and Rhodes grass, Chloris gayana Kunth, produced green spots when 
transferred to pineapple-seedling leaves. The negative evidence obtained 
from a number of other hosts must be considered as only tentative in view 
of the later finding that the capacity to produce green spots may be limited 
to certain individuals in a colony. 

As these differences in the field became evident, samples of the mealy 
bugs found both on pineapples and other hosts were brought to the labora- 
tory for study. 

Technique of Laboratory Studies, Seedling-pineapple plants were used, 
grown in soil, and enclosed in glass jars with cloth tops. Mealy bugs from 
the field were transferred to these and the development of spotting noted. 
In order to study the comparative effect of individuals of the same colony, 
some of these seedlings were dissected and the largest leaves placed in a 
small quantity of culture solution in a sterilized test-tube (Fig. 2, B). This 
type of tube proved most useful since green spots developed readily and 
reproduction of the mealy bugs took place. Sterilizing of the prepared 
tube prior to enclosing the leaf very much reduced secondary infections, 
but the type of culture solution was immaterial. With the rapid corking 
of the proximal end of the leaf it is doubtful whether the solution does more 
than prevent desiccation. 

The seedlings were grown in the glasshouse while the tube colonies were 
held under various laboratory conditions of light and temperature. Green 
spots developed on leaves placed in total darkness at the time of infestation 
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and also on leases held in total darkness for 1 to 2 weeks prior to adding 
tlie insects. Most of the experimental colonies grown in tnbes were placed 
upright in cans under conditions permitting diffused light only to reach the 
leaves. 

EXPERIMENTAL WORK 

The first question wms whether green spotting was merely a reaction of 
individual plants. This was tested in 2 ways: first, by feeding green- 
spotting mealy bugs on the leaves from which nongreen-spotting mealy bugs 
were removed; second, when mealy bugs failed to produce green spots on 
seedlings, the seedlings were dissected and the individual leaves tubed. 
Some of these leaves were then reinfested with the same bugs as a check on 
the changed conditions under which the leaf was then growing, while green- 
spotting bugs were transferred to the balance of the separated seedling 
leaves. These experiments resulted consistently in evidence that the dif- 
ference between green and nongreen spotting was due to differences between 
mealybugs. 

Establishment of a Consistently Nongreen-spotting Colony of Pseudococ- 
cus hrevipes. A mealy-bug colony taken from a first-ratoon sucker grow- 
ing in a Haleakala Ranch field on the Island of Maui had produced no 
green spots on the field plant. The colony was transferred to seedlings and 
later to a long series of tube colonies. The pedigree of this colony is illus- 
trated in figure 4. It definitely establishes the fact that Pseudococcus 



Pig. 4. Pedigree of a noiigreeii'SpO'tting mealy-bug colony. Each, circle represents a 
separate colony grown on seedlings and seedling leaves. 


hrevipes colonies may exist for a long time and on a long succession of pine- 
apple seedlings without any green spots resulting. 

Another pedigree of a nongreen-spotting colony from the field edge on 
Oahu mentioned above presents some interesting possibilities. It will be 
seen (Fig. 5, B) that occasional cases of green spotting appeared. This 
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Pig. 5. A. Experiments on transmission of green spot. Each circle represents a separate colony 
cui seedling leaves, none of vTiich showed any green spotting. B. Pedigree of a mealy-bug colony, 
showing occasional occurrence of green spotting. Grreen-spotted plants are shown as solid circles. 


indicates the possibility of colonies being inherently capable of producing 
green spots but haying this capacity in a recessiye condition. 

Continuity of Green Spotting hy Colonies and Individual Mealy Bugs. 
Colonies have been maintained on single plants for periods of up to 1 year 
with a contiiiiied snccessive appearance of green spots. Occasional exam- 
ples have occurred where green spots have failed to appear on the new 
growth, but, when the insects were transferred to new plants, green spots 
appeared on them some time later. Colonies removed from wilted pine- 
apple plants that were badly green-spotted on all but the newest tissues 
gave variable results. Some ali 9 .uots of the original colonies produced 
green spots on 3 ^oung seedlings and others not. It should be noted in all 
these cases that the colony rather than the individual nieajj bug has been 
the unit. 

Individual mealy bugs have been fed on a succession of separated pine- 
apple leaves, being transferred after feeding for various lengths of time. 
This series is shown in table 1. 
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TABLE 1,—Sequenoe and nimher of green spots obtained from individual mealy bugs 


Lays of feeding 


series 

1 

3 

6 

3 

9 

6 

3 

8 

1 

0 

0 

0 

1 

2 

0 

0 


2 

1 

0 


0 

0 

Progeny 

Progeny 








produced 

produced 








sx)Ots 

spots 


3 

3 

1 

3 

1 

2 

0 



4 

1 

1 

1 

5 

7 

4 

1 

2 

5 

0 

1 

1 

0 





6 ...... 

1 

1 

1 

1 

1 
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X3roduced 



■ 






spots 

7 

0 


0 

2 





8 

1 

1 ! 

1 

0 

0 

2 

0 


9 ...... 

1 

■ 1 i 

1 

2 

1 

i 2 

0 

0 

10 

1 

1 

0 

1 

0 

; Progeny 


Progeny 




i 



; produced 


j)roduced 






i 

1 spots 


spots 

11 

1 

0 

2 

0 


0 

0 

0 

12 

0 

0 

0 

0 

i ^ 

; 0 

i 0 

0 


In tills table the number of green spots developing on each leaf is shown. 
It will be observed that there was a g'ood deal of variation between individ- 
ual insects, 1 individual not producing a single spot during the whole 
period. This is of interest, since all these mealy bugs came from a very 
profusely spotted leaf. They were, however, variable in size and age and 
several became mature during the course of the experiment. It is apparent 
in following the course of mealy-bug development that the gravid female 
feeds but little prior to the emergence of her young, so that negative results 
towards the end of the insect’s development may be primarily due to re- 
duced feeding. 

The green spotting by the progenies of 3 individuals should be noted, 
since it occurred on the same leaves on which parent insects failed to pro- 
duce spots. 

Devdopmeni of the Green Spots, Since green 'spots are determined by 
comparison with the surrounding tissue, the initial density of the chloro- 
phyll and the rate at which the leaf becomes chlorotic are factors that affect 
the time elapsing between feeding of the insect and the appearance of the 
spot. When d|ta of table 1 were obtained, records of the time elapsing 
between the first application of the insects and the development of the spot 
showed this to vary from 3 to 55 days. Occasionall}?', the spot develops 
while the insect is still feeding, but u.sually the spot appears after removal 
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of the insect. It seems true that a green-spotting hng moves its feeding 
point much more frequently than one nnahle to produce spots. 

TRANSMISSION EXPERIMENTS 

When it became evident that capacity to make green spots was limited 
to certain mealy bugs, experiments were performed on the transmissibility 
of green spotting. 

Mechanical inoculation with macerated plant tissue, containing spots 
and with mealy bugs that had produced spots, was performed on growing 
seedlings and on separated seedling leaves. A large series gave negative 
results. In one case a large circular green spot resulted from hypodermic 
injection of macerated green-spotted tissue. This was interpreted as a 
wound reaction with which the metal of the needle might have been con- 
cerned, inasmuch as deep green areas frequently resulted from cracking of 
the leaf as it was being inserted into the tube and from the insertion of 
glass eapillaries, which resulted in small necrotic areas with margins 
greener than surrounding tissue. 

Experiments on transmission of green spot by first feeding nongreen- 
spotting individuals on green-spotted leaves gave negative results. 

In the first of these experiments green spots were cut out of a leaf and 
partly slit with a razor blade. This was done to encourage the localization 
of the mealy bugs’ feeding to the deeply spotted portion, since Pseudococ- 
cus Irevipes has a tendency to establish in cracks and crevices. This local- 
ization occurred and the insects fed for 2 days before being transferred to 
seedling leaves (Pig. 5, A). 

A second experiment using nongreen-spotting mealy bugs was then set 
up. Gravid females were placed on a heavily spotted leaf. The larvae 
from these females settled down on green spots and fed thereon for 15 days. 
They were then transferred to seedling leaves as shown in figure 5, A. Al- 
though the results of these transfers were all negative, they were of consid- 
erable significance in view of the success obtained in localizing the feeding 
of the insects to the actiial green-spotted tissue. 

THE HEREDITARY NATURE OF THE CAPACITY TO FORM GREEN SPOTS 
This species of mealy bug, being viviparous, gives birth to living young. 
Gravid females, when placed in a glass container, such as a Petri dish, will 
give birth to numbers of these larvae, which can, therefore, be obtained 
without any previous feeding on plant tissue. Particular care was exer- 
cised that no larvae were adhering to the parent insects when the latter 
were transferred to the Petri dish. When unfed larvae from green-spot- 
ting mothers were transferred to clean seedling leaves extensive green 
spotting occurred. This experiment was repeated twice with the same re- 
sults. Table 2 gives the data on one of these experiments. 
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TABLE 2 . — Production of green spots "by larvae that had not previously fed 


Larvae transferred 
to seedling leaves 
11/23/31 

Observation dates 

12/20/31 

1/3/32 

1/14/32 

Seedling A.la 

_ 

.4 


.2 




.3 

+ 



.4 : 



, 4 

.5 

- 

4 , 


.6 ....:. 


_ 

4 

.7 

- 

4 , 


B.l 

+ 



.2 

- 

- 


.3 

- 

4 


.4 

■ + 



.5 

+ 



C.l 




.2 

- 

+ 


.3 .....I 




L.2 

— ' 

. + 


.4 

' + 



.5.. 




Larvae transferred 




to seedling leaves 




11/26/31 




E.l 




.2 

4 



.3 

4 



.4 

4 



B.6 :..... 

4- 




a Each decimal number represents a single separated leaf. The leaves of 5 seed- 
lings were thus used in this experiment. 


Tbe dates when the larvae were removed are given, as well as the dates 
on which green spotting occurred. Removal of larvae from the glass dish 
on the 2 dates shown was for the purpose of testing the persistenee of the 
green-spotting capacity through the entire brood. The results of the last 
removal show this to be the case. 

EVIDENCE EOB EXISTENCE OP GEEBN-SPOTTING STRAINS 

In the colony pedigrees presented in figures 4 and 5, B, it is seen that 
colonies were maintained for a year without the appearance of any green 
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spo'ts ; in others/ with oecasional incidence of green spotting. Other colo- 
nies have consistently green-spotted the leaves, with some evidence of fliic- 
tnation in numbers of spots produced in any one period. 

Observatio-ns in the field during January, 1931, revealed what was be- 
lieved to be a high percentage of fungous parasitism of mealy bugs. Some 
large gravid females were black from the filling of the body with fungus 
spores. These were comparatively rare, but numerous other individuals 
could be differentiated from the rest of the colony by a distinct grayness 
as compared with the normal rose pink of the other individuals. These 
gray individuals were presumed to be in early stages of the disease, so sam- 
ples were isolated on separated leaves in tubes. A similar set was made 
up, using typically pinlc mdividuals from the same large field colony. Six 
weeks later examination of both sets revealed that 4 out of 5 of the gray 
colonies had established and produced apparently normal young. In 
every case, green spots were present on the leaves. The pink colonies also 
had reproduced, but in not a single case were there any green spots. 

Further field observations! showed gray individuals present in all colo- 
nies found on green-spotted plants and only pink ones w’here no green spot- 
ting was evident. It is almost invariably true that the typical pink forms 
greatly outnumber the gray on any one plant. Colonies grown on a single 
plant for many months may show no green spotting on the bases of the new 
leaves, even though all the old leaves and the upper portions of the central 
whoxd may be literally covered with green spots. This indicates fluctuation 
within the colony. On transfer of these mealy bugs to a new plant, green 
spots may appear, indicating either a change in the status of the individ- 
uals transferred, possibly stimulated by the fresh plant, or the development 
of the green-spotting capacity by the progeny. 

Attention was then turned to approximately 160 colonies growing on 
seedlings in the greenhouse. These were from a great many sources; from 
pineapples from the various islands of Hawaii and from a number of wild 
hosts that were being tested as reservoirs of green spot. An examination 
showed that in all but 5 cases the association of the gray form with green- 
spotting colonies held true. In these 5 eases the colony was either absent 
or very small. No gray forms were encountered in any of the nongreen- 
spotting colonies. 

Preliminary rearing tests show that the progenies of gray individuals 
are all normally pink at first and that some of these will produce green 
spots, while others will not. The gray forms do not assume that aspect 
until they are half -grown or even later. 

The data indicate some interesting lines of investigation. The rearing 
of long series of progenies from both forms, with records of each individual 
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with respect to color and green spotting, is 
or not the gray form is a genetic expression 
physiological state of the colony or both. 


necessary to establish whether 
or whether it is indicative of a 



The facts that it is possible to differentiate colonies by a niaeroseopic 
difference in body color and that these colony differences are associated 
with sneh profound variations in secretion of the insects as green spotting 
and nongreen spotting seem to indicate are of great significance in studies 
of the nature of the toxicity of insect secretions, to plants. 


niSCUSSION, WITtI PRELIMINARY EVIDENCE, ON A HYPOTHESIS CONCERNING 

A POSSIBLE FUNCTION OF THE SYMBIONTS OP PSEUDOCOCCUS BREVIPES 

There appear to be two separate and distinct localized effects of the 
feeding of Pseitdocoeciis hrevipes on pineapple leaves. One of these, the 
irregular chlorotic area, is the result of rather prolonged feeding, usually 
by a number of individuals feeding at one place. Its general character and 
gross anatomy suggest that it is the result of exhaustion of the cell contents. 
Its area does not appear to extend much beyond the actual area fed upon. 
It is closely allied to spotting caused by the feeding of other Coecidae, such 
as JDiaspis hromeliae Kern, and P^eicdococctis longis2yimts Targ., and prob- 
ably represents the normal type of mealy-bug feeding injury. The green 
spot is clearly in quite a different category. It appears to have a definite 
developmental history, beginning as a zone of hyperactivity, continuing’^ as 
an area in which the chloropla.sts are larger and more numerous, and end- 
ing as a welt-like simulation of a gall. Its zonate character indicates dif- 
fusion, perhaps of specific secretion components, outward from the darker 
center of the spot. The fact that frequently this outer zone of paler green 
is lacking' indicates the possibility of variations in the character of the secre- 
tion, even in green-spotting individuals. When one considers the colony 
pedigrees as shown in figures 4 and 5, B, it is evident that the capacity to 
produce green spots is clearly specific to certain colonics when these colonies 
are considered as units. When individual mealy bugs are tested, it is 
shown that not all the members of a green-spotting colony can produce 
green spots at any one time. Certain individuals, distinguishable on ac- 
count of their distinctly brown body color, which produces a grayish cast 
to the waxy covering, are regularly able to produce green spots. Their 
progeny, at first normal pink in color, are not all able to produce green 
spots, though some have this capacity. It is not yet known whether or not 
all those producing green spofe develop the atypical grayish cast. The evi- 
dence is clear, however, that there are great variations, even within the 
progeny of a single female. 

If the ehlorotic spot is the normal type of mealy-bug feeding injury it 
would seem that green spotting is a special case superimposed on the nor- 
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nial one. This is. suggested by the iodine-staining reaction of green-spotted 
; tissue (Pig. 2; C), and the disappearance of the intense green, leaving a 
chlorotic spot in place of the dark center (Pig. 1, C). It would seem also 
that green spots are formed only normally either at or very close to the 
white tissue at the proximal end of the leaf. ‘When greeii-spotting mealy 
bugs are caged on the older tissue, chlorotic spots result. 

The mealy bug, though possessed of functional legs throughout life, and 
ambulatory at will, is, nevertheless, a sedentary insect. If undisturbed it 
will, under normal conditions, remain at one feeding point for most of its 
life. A green-spotting mealy bug, on the other hand, appears unable to 
remain long in one place, a fact suggesting that the secretion rapidly ren- 
ders the area unsuitable for further feeding. It is, nevertheless, true that 
green-spotting colonies' appear to grow more vigorously on pineapple plants 
than do nongTeen-spotting colonies, but no data are available on the rela- 
tionships between this vigor and the presence of gray individuals. 

While negative evidence obtained in mechanical inoculation cannot be 
considered as final, the evidence on insect transmission is conclusive and of 
very great interest. The failure of nongreen-spotting mealy bugs to be- 
come capable of forming green spots after long feeding on green-spotted 
tissue, coupled with the fact that larvae of a green-spotting parent are able 
1 to produce green spots on the first leaf on which they feed, is evidence that 

I green spotting is not the result of infection of the plant by a specific organ- 

; ism but is, rather, a response by the plant to a secretion of the mealy bug, 

which is specific to certain individuals and not common to the species. 

The secretion is, no doubt, the end result of the operation of some inter- 
nal factor on the physiology of the insect. The hereditary nature of this 
factor, however, leads to a consideration of the insect ^s symbionts as being 
I concerned. The presence of symbionts in more or less highly developed 

{ mycetomes or ^ ^symbiotic organs^’ in Coccidae has been known for many 

I years and a rich literature on the subject is available. As far as the writer 

I is aware, no suggestion as to the possible relationship between these organ- 

isms and the secretions of the host iusect, particularly with reference to 
'' pathological effects on plants, has been made.^ For that reason, the fol- 

lowing preliminary evidence is presented, since it offers some support to 
the working hypothesis that the activities of the symbionts affect the in- 
sect’s seeretmns. 

2 Raniboiisek suggestion (5) that the mycetome plays a definite part in the spread 
of virus diseases is interesting hut difficult to reconcile with the fact that the Homop- 
tera as a group possess mycetomes with included symbionts, irrespective of whether they 
transmit virus diseases or not. Since that author ’s paper appeared, the transmission 
of virus diseases by thrips has been shown by several n’^orkers. This fact further, nega- 
tives Rambousek’s suggestion. 
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All the individual of the species, possess symbionts contained in OTgan- 
ized mycetomes. With respect to green spotting, therefore, a fundamental 
premise must be that either the iusect is disymbiotie or the symbionts be- 
long to a single polymorphic species, this polymorphism being paralleled by 
variations in the physiological effects. 

Comparison of the mycetomes of gray and pink mealy bugs, particu- 
larly when the pink forms are obtained from a colony in which no gray 
forms are present, reveals differences that can readily be seen with the 
naked eye. The mycetomes from definitely gray forms are brown, while 
those from pink forms present the normal appearance of freshly dissected 
white tissue. Under low-power magnification the brown mycetomes appear 
denser and with a more clearly defined membrane. They are less easily 
damaged in dissection. 

Comparison of a long series indicates that the development of this type 
of myeetome is progressive and all stages can be found in a mixed colony 
of pink and gray forms, great variation being encountered in mycetomes 
from individuals determined by inspection as ‘^pink.’’ 

Study of the included organisms reveals a common type and, in addi- 
tion, a second form whose incidence varies according to the status of the 
colony with respect to green spotting. This second t 3 -^e of organism is 
bacterium-like in form. It is found intracellularly in the mycetocytes. 
Thus far, it has been po'ssible to consistently demonstrate its presence in 
large numbers in the mycetocytes of gray forms ; rarely, in pink forms in 
a mixed colony. On 2 occasions only, in colonies from pineapple plants 
that had a record of not producing green spots, were these organisms found. 
Other colonies of this type, as well as those direct from red-top Natal grass, 
have been consist ently negative. 

There are some curious parallelisms between green spotting and mealy- 
bug wilt that should be mentioned. It has been shown (1) that mealy bugs 
vary in their capacity to produce wilt according to the host plant from 
which they are taken, those from the roots of red-top Natal and panicum 
grasses being least toxic. 

Direct transfer of mealy bugs from these 2 grasses has thus far failed 
to demonstrate green spotting. There are evidences of fluctuations in tox- 
icity of mealy bugs according to the age and condition of the plants from 
which they are taken, while a progressive development of green spots both 
in size and type occurs. A degree of parallelism between these last two is 
thus indicated. When the plants accommodate a very large population of 
mealy bugs, green spots of type 5 are commonly encountered. 

The progressive development of the myeetome and the ineidence of the 
bacterium-like inclusions suggest an angle of approach to the question of 
the parallelism between green spotting and mealy-bug wilt. 
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CONCLUSIONS 

Pseudococoits Irevipes cairses 2 general types of spotting on pineapple 
leaves. One is the chlorotic area commonly associated with Coccid feeding. 
The other is an entirely different type known as green spot. This, assumes 
many forms. It has a distinct developmental history. Colonies of mealy 
bugs have been maintained for long periods with no green spotting occnr- 
ring; for similar periods with the constant oecnrrence of green spots ; or a 
colony may produce green spots at intervals. 

Mealy bugs from nongreen-spotting colonies have failed to produce 
green spots after feeding on green-spotted tissue. 

The ability to produce green spots is transmitted from the mother to 
her young and is limited to certain individuals in the colony. Not all the 
progeny of such individuals can produce green spots. 

Preliminary evidence justifies the working hypothesis that the insect’s 
secretions are conditioned by the activities of the myeetome and its in- 
cluded symbionts. 
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THERMAL DEATH POINT OP HETERODERA RADICICOLA IN 
RELATION TO TIME^ 

Helene Mori t a Hoshino and Gr. H. Godfrey 
(Accepted for publication. May 2, 1932) 

Recent investigations on tlie environmental relations of the root-knot 
nematode Heterodera radicicola (Greeff) Miiller^ at this station include 
studies on the relations of moisture, light, and temperature to this organ- 
ism in its different stages. The studies of moisture and light relations are 
reported in another paper (13). The present paper covers in detail the 
investigations with controlled temperatures, given in part in a brief pre- 
liminary report (12). 

There is reported in the literature very little exact research on 
this phase of the environmental relations of Heterodera radicicola. Stone 
and Smith (15) gave 60° C. as the soil temperature necessary to kill the 
nematode but stated that for practical purposes it would be advisable to 
use 82° to 100° C. because of the irregularity of heat penetration in large 
areas of soil. Bessey (2) concluded that heat was the most efficient means 
of eradicating nematodes from the soil. Garman (10) reported that dry 
heat and steam were satisfactory agents for disinfecting soil infested with 
carnation-root-knot nematodes. Cobb (6) recommended the use of steam. 
Frandsen (9) stated that at 40° C. every egg and larva was killed at the 
end of 18 hours. Beinhart (1) reported the need for maintaining a soil 
temperature of from 72° to 100° C. for hour to sterilize seed beds. 
Melchers (14) stated that a temperature between 88° and 934° C. should 
be maintained for at least 4 hour for controlling nematodes. Byars and 
Gilbert (5), in connection with hot-water sterilization, reported that, for 
effective killing of nematodes, a soil temperature of about 55° C. must be 
maintained for 30 to 60 minutes. 

Duruz (7), investigating the effects of temperature on the activity of 
this nematode, reported greatest activity between 184° and 294° C. and 
that larvae and eggs were killed at 384° C. Godfrey (11) reported results 
on the effects, of temperature on the development of root knot. Tyler (16) 

1 Published 'vvith the approval of the Director as Technical Paper Mo. 38 of the 
Experiment Station of the Association of Hawaiian Pineapple Canners, University of 
Hawaii. 

2 Since this paper has been in form for publication the following paper has been 
received: Goodet, T. On the noinenelatur© of the root-gall nematodes. Jour. Helminth. 
TO: 21^28. 1932. Goodey presents with convincing evidence the invalidity of radicicola, 
as a specific name for this organism. The writers prefer to wait, however, until possi- 
ble questions as to the validity of the suggested new name are settled before adopting 
any change in nomenclature. 
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reported on the effects of temperature on tlie length of life history. There 
is no report of exact work on time and lethahtemperatnre relations. 

METHODS 

In the tests for determining the lethal temperatures for the larvae and 
eggs moisture and light conditions favorable to life were maintained. The 
apparatus used was a thermostat-controlled water bath with a turbine stir- 
rer. A standardized thermometer graduated to 0.1° C. was kept at a con- 
stant level in the bath for temperature observations. Pyrex-glass test- 
tubes, 70 mm. long by 18 mm. in diameter, capacity about 2 cc., containing 
water up to 10 mm. from the brim, were suspended in the bath by test-tube 
holders. The temperature of the water in these tubes was checked as to 
equilibrium, with that in the bath, for each new adjustment. The larvae 
or eggs were inserted into the tubes in a small drop of water by means of 
a pipette. Temperatures were not reduced more than 0.1° 0. by this 
process. Temperature fluctuations were never greater than 0.5°. At the 
end of each period of exposure the vials were removed and immediately 
placed in a bath of ice water in order to prevent further action of the heat 
on the organisms. The drop to room ^feinperature took place in a few 
seconds. The possible effect of the sudden drop in temperature brought 
about by this method has been considered. The writers feel that this has 
not been a factor in the killing. Repeated tests were made in which larvae 
were changed from room temperature (22° C.) to actual freezing in a few 
seconds, and back to room temperature again, without damage to the nema- 
todes. Other tests, in which lethal temperatures for very short (distinctly 
nonlethal) periods were tried, likewise showed no injurious effect. 

Examinations of larvae were made within a few hours, after each ex- 
posure to controlled temperature, and results recorded. Further examina- 
tions were made at intervals to determine if apparent killing was 
only temporary injury. Eggs were removed and incubated according to 
standard procedure. Controls were kept under favorable moisture, tem- 
perature, and light conditions by placing them in a drop of tap water on 
a slide on a moist filter paper in a Petri dish, which was left in the labora- 
tory. Readings on these were taken at the same time as those for exposed 
organisms. 

The usual 10-minute exposure used in bacteriology was given in prelimi- 
nary tests. In addition, larvae and egg masses were subjected to a gradu- 
ated range of higher and lower temperatures, and the minimum period for 
killing was determined for each. One hundred newly hatched, active 
larvae were employed in every case in which larvae were tested; 2 
egg masses were used in the case of the eggs. Each test with larvae was 
repeated 5 times and each one with egg masses 6 times. Results were very 
eonsistent. Averages only are reported. 
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EXPERIMENTAL 

Tlie results of tlie several tests on time and temperature relations are 
given in compact form in the accompanying tables. Instead of incorpor- 
ating the figures for aU replications, and for the sake of greater compact- 
ness, averages only are given without probable errors. The figures on per- 
centage survival for periods shorter than the one that was 100 per cent 
lethal are remarkably uniform in many cases in the diiferent replications. 
Furthermore, the averages show a logical trend toward lower percentage 
survival as the time increases. A more exact statistical analysis of the 
averages, which would be brought about by calculating probable errors, is 
not justified by the needs of the case. The intervals of time between read- 
ings naturally vary widely at different temperatures. The lower tempera- 
tures, at which complete killing required hours, and in the case of 
egg masses, days, were given much wider intervals than the higher tempera- 
tures, in which .complete killing was attained in minutes or even in seconds. 
In the tables the second column is devoted to the time interval between 
readings, the subsequent column headings being the number of such inter- 
vals from the start of exposure. To compute the time necessary for com- 
plete killing, then, it is necessary to multiply the interval period by the 
number of such intervals that have elapsed. 

The true period at which complete killing was attained is one-half the 
interval below the time at which complete killing was first recorded, plus 
or minus half the interval. Thus in table 1, at 42° C., for example, com- 
plete killing was attained at 22.5 minutes, plus or minus 2.5 minutes. 
Table 1 gives the results obtained from the hot-water treatment of Eetero- 
dera radicicola larvae, there being 5 replications, 100 larvae to a tube, for 
each temperature. 

Heterodera radicicola IsiVYSLe have complex protoplasmic organization 
and probably wide differences in thickness of the cuticle, size of body open- 
ings, etc. The result is considerable variation in resistance to heat. An 
attempt to determine whether or not there is a relatively straight-line rela- 
tionship between percentage survival and time, when plotted on semilog 
paper, according to the method of Bigelow (3) with certain bacteria, later 
used by Esty and 'Williams (8), is shown in figure 1. At the intermediate 
temperatures and the intermediate time intervals, it is evident that such 
relationship exists to some extent. Within limits, such a graph can be used 
to determine the length of time required to kill this nematode at any tem- 
perature within the range of lethal temperatures. 

The eggs, as they occur in egg masses, show a much higher resistance to 
heat than do the larvae. This is shown to advantage in table 2, which is 
prepared in the same manner as table 1, there being 6 replications of each 
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temperature treatment, 2 egg masses in each tube. The averages of the 6 
repetitions only, without probable error, are here recorded as being suffi- 
ciently accurate for all needs. For heat treatments designed for complete 
killing of nematodes the 0.0 per cent survival temperatures are, of course, the 
significant ones, such temperatures being required for complete efficiency in 
killing. At 40° C., the lowest lethal temperature for both larvae and eggs, 
4.5 days (zh 0.5 day) were required to kill all the eggs, as compared with 
only 127.5 minutes (±: 7.5 minutes) in the case of larvae. Other tempera- 
tures are in proportion. At 50° C., complete killing occurs at 3.5 minutes, 
±: 0.5 minute. There was instantaneous killing at 58° C., with killing at 
57° in 3 seconds and at 56° in 5 seconds. These last figures are only ap- 
proximate because of the human equation, but they are clearly sufficiently 
accurate for all practical purposes. 

No attempt is here made to show the log-graph relationship between 
time and percentage of egg survival. It is certain from a few trials that 
irregularities were considerably greater than with larvae. 

The data on ^'thermal death times” of eggs in egg masses are plotted 
according to the method of Bigelow (3) on semilog paper, temperatures 
against time, and show a remarkable straight-line relationship, except at 
the higher and lower temperatures, as shown by figure 2. The curves are 
so drawn as to pass between the last positive for survival, represented by a 
cross, and the first negative, by a circle, in the greatest possible number of 
pairs of observation points. It is to be noted that, contrary to the results 
recorded by Bigelow with spore-forming bacteria, the curve turns down- 
ward at the higher temperatures, showing a tendency for quicker killing 
than would be indicated if the straight line of the intermediate tempera- 
tures were followed. Likewise, contrary to Bigelow’s curves with bacteria, 
the curve turns upward at the lower temperatures, showing a tendency 
toward slower killing than would be expected from the continuation of the 
straight line of the intermediate temperatures. All points above the 
straight line represent, of course, time and temperature combinations that 
are fatal to the stage of the nematode indicated, and all points below repre- 
sent combinations at which the organism survives. 

Figure 2 also presents similarly the data with Heterodera radicicola 
laiwae. Here the straight-line relationship strictly holds only for tempera- 
tures between 43° and 47° C. and the times between 3 and 8 minutes. At 
higher temperatures the killing is quicker and at lower temperatures slower 
than indicated by the continuation of the straight line of the intermediate 
temperatures. At the lower temperatures, between 40° and 43° C. another 
straight line exists, connecting all 4 points of observation and showing by 
its more gradual slope the slower killing than at the intermediate tempera- 
tures, with both eggs and larvae. 



TABLE 2 . — Percentage survival of Heterodera radivicola eggs in egg masses at different temperatures and different periods 

of time (average of 6 readings) 
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Thvp&nTfure, degrees C. 



larvae and eggs. Note the relatively straight-line relationship between temperature and 
time at the intermediate points. All points above the curve represent time and tem- 
perature combinations that are fatal to the stage indicated, and all points below repre- 
sent points at which the nematode survives. 

The mathematical theory upon which the use of the semilog paper for 
thermal death-time curves is ba^ed is explained by Buchanan and Fulmer 
(4, p. 109). 
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As stated before, special studies were conducted to determine tbe mini- 
: mum temperatures at wbicli 10-minute exposures would bring' about coni- 

I pioto killing, according to practices common in bacteriology. In these 

! studies there were 5 replications of each treatment, 2 egg masses to a tube. 

Without resorting to tabular form, the results in average survival of larvae 
for the significant temperatures are as follows; 40^ C., 100 per cent; 41^ 
0., 99.4 per cent; 42*^ G'., 36.2 per cent; 43° C., 0 per cent. The lethal 
point, then, is 42.5° G. ±: 0.5°. AYith egg masses the averages of 6 replica- 
' tions are as follows : 42° G., 99.68 per cent (within the range of the usual 

controls) ; 43° G., 92.2 per cent; 44° G., 80.93 per cent; 45° G., 71.18 per 
cent; 46° G., 18.48 per cent; 47° G., 11.33 per cent; 48° G., 0 per cent. 
The lethal point is 47.5° G. ±: 0.5°, for lO-minnte exposure. 

r 

CONCLUSIONS AND SUMMARY 

This paper constitutes the results of carefully conducted experiments 
with Heterodera radicicola larvae and eggs exposed to direct hot- water treat- 
^ ment at a wide range of temperatures ; and, from them, exact data are 

j recorded on the percentage of survival of these stages of the nematode at 

I different temperatures and periods of time and the minimum periods re- 

quired for complete killing at each of the lethal temperatures. Tables 1 
and 2, giving the above information in detail, are here summarized as to the 
latter point only. The minimum periods of time required for killing the 
larvae are for the different temperatures in degrees Gentigrade: at 40°, 2 
hours, 7.5 minutes ± 7.5 minutes; 41°, 45 minutes ± 5 minutes; 42°, 22.5 
' minutes ±: 2.5 minutes ; 43°, 7.5 minutes dz 0.5 minute ; 44°, 5 minutes, 52.5 

seconds ±7.5 seconds; 45°, 4 minutes, 52.5 seconds ±7.5 seconds; 46°, 3 
minutes, 52.5 seconds ± 7.5 seconds; 47°, 2 minutes, 52.5 seconds ± 7.5 sec- 
onds; 48°, 57.5 seconds ± 2.5 seconds; 49°, the same; 50°, 52.5 seconds ± 2.5 
seconds; 51°, 6.5 seconds ± 0.5 second; 52°, 1.5 seconds ± 0.5 second; 53°, 
1 second. The minimum periods for the eggs are: 40°, 4.5 days ± 0.5 day ; 
41°, 33.5 hours ± 0.5 hour; 42°, 3.25 hours ± 0.25 hour* 43°, 95 minutes 
±5 minutes; 44°, 47.5 minutes ±2.5 minutes; 45°, 14.5 minutes ± 0.5 
minute; 46°, same; 47°, 10.5 minutes ± 0.5 minute; 48°, 6.5 minutes ± 0.5 
minute; 49°, 42.5 minutes ± 0.5 minute; 50°, 3.5 minutes ± 0.5 minute; 51°, 
1.5i minutes ± 0.5 minute; 52°, 45 seconds ± 15 seconds; 53°, 37.5 seconds 
± 7.5 seconds; 54°, 5 seconds ± 2.5 sconds; 55°, same; 56°, 4.5 seconds 
± 0.5 second; 57°, 2.5 seconds ± 0.5 second; 58°, 1 second. 

These results are arranged in the form of semilog graphs. The tempera- 
tures are plotted on the arithmetic scale and time intervals on the logarith- 
mic. At the intermediate points in time and temperature, a very good 
straight-line relationship exists. This enables one to see at a glance the 
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time and temperature combinations at wMcli killing occurs and those at 
which some of the nematodes will survive. 

These temperatures and time periods are exact for the killing of the 2 
stages of the nematode. It is necessary, of course, that the specified tem- 
peratures reach the organisms and that they be maintained there for the 
necessary period before the killing is attained. This information is funda- 
mental for any further studies that may involve the application of tempera- 
ture for root-knot-nematode control. The lethal temperatures are much 
lower than those commonly employed in practice when it is desired to 
destroy nematode infestation in the soil or in dormant plant tissues. It 
will continue to be necessary to employ higher temperatures than those 
specified in order to obtain penetration of the necessary temperatures to the 
points in the soil or other medium in which the nematodes are actually 
located. 
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THE TOXICITY OF FORMALDEHYDE AND MERCURIC 
CHLORIDE SOLUTIONS ON VARIOUS SIZES OF 
SCLEROTIA OF RHIZOCTONIA SOLAND 

Gr . B. Sanford and J . W. Marritts 
(Accepted for publication May 10, 1932) 

During recent years several papers (2, 3, 4, 5) have appeared on the 
relative fungicidal efficiency of various chemicals used in solution for reduc- 
ing the Ehizoctonia disease of potatoes. The relative superiority of these 
was based primarily on the amount of sclerotia on the tubers of the new 
crop produced under ordinary field conditions. Melliiis, Gilmaiij and 
Kendrick (5), also Gloyer (2), formed their conclusions partly by cultur- 
ing the treated sclerotia and partly by the amount of sclerotia on the new 
tubers. Obviously the plate-culture test should settle the relative merits of 
each treatment in killing the sclerotia. With regard to residual effect from 
formaldehyde or mercuric chloride solutions in protecting the new plantlet, 
this W'Ould be exceedingly difficult to demonstrate, especially in old culti- 
vated soils. 

However, as far as could be ascertained, the relation of the size of the 
sclerotia to the requisite lethal period has not been studied. This would 
seem important, inasmuch as the size as well as the texture of these bodies 
varies greatly under various conditions. They may be friable and easily 
" killed or so compact and hard that successful penetration is greatly retarded, 

MATERIAL AND METHODS 

The sclerotia were classified into sizes, vk., small, medium, and large, 
and samples indicating the size range for each class mounted on a chart 
for guidance. Each size varied in flat diameter and thickness, respectively, 
as follows: Small, about 1.5 mm. by 0.2-0.4 mm.; medium, about 2.5 mm. 
by 0.5-0.7 mm. ; large, about 3.5 mm. by 0.8-1.5 mm. Extra large or extra 
small or very fragile sclerotia were avoided as far as possible. The treat- 
ments included cold formaldehyde solutions, strengths 1-120, 1-160, 1-200, 
and 1-240; cold mercuric chloride, strength 1-834, and mercuric chloride, 
strength 1-500 acidulated, with 1 per cent by volume of hydrochloric acid, 

I as recommended by Leach, Johnson, and Parsons (4). 

1 A coiitributioii from, the Division of Botany, Ex jierimental Farms Branch, Depart- 
ment of Agriculture, Ottawa, Canada, cooperating mtli the Department of Field Crops_„ 
University of Alberta. 

2 Plant Pathologist in Charge and. District Potato Inspector, respectively. 
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Tubers with sclerotia of Yarious sizes were treated, always in a fresh 
solution, .without preliminary wetting or cleaning, for different periods as 
required, then covered, and allowed to dry. The drying period required 
about 3 hours, which is comparable to usual praetiee on the farm. The 
sclerotia were then plated on potato-dextrose agar made acid by mixing in 
the cooling medium, 3 per cent by volume of 5 per cent lactic acid. This 
allowed the Rhizoctonia fungus to grow satisfactorily but controlled the 
bacteria. In fact, it was found essential to acidify the agar to do reliable 
work. Each size of sclerotia was plated separately. Readings were made 
at intervals up to 4 days, which time was sufficient to indicate whether the 
bodies were killed. 

The sclerotia were found by repeated tests to be almost 100 per cent 
viable, thus making unnecessary controls for each treatment. Moreover, it 
was found that the growth of bacteria and molds from untreated sclerotia 
produces unsatisfactory results. The mercuric chloride and hydrochloric 
acid used was “Bakers C.P. analysed.^’ The formalin was a commercial 
brand found by chemical analysis in our laboratory to contain 37.67 per 
cent formaldehyde. The results throughout are given to the nearest 
decimal. The relative humidity of the room in which the potatoes for the 
formaldehyde tests were stored was about 85 per cent and that of the room 
in which the stock for the mercuric chloride tests was kept, about 56 per 
cent. 

FORMALDEHYDE AND MERCURIC CHLORIDE TREATMENT 

Formaldehyde, The results in table 1 and figure 1 indicate the general 
trend of the lethal period required for the small, medium, and large sclero- 
tia in the 4 strengths of cold formaldehyde solution mentioned. Although 
time intervals of 10 minutes were employed, only the results at 30-minute 
periods are given in the table. At strength 1-120, all the small sclerotia 
w^ere killed in 90 minutes, the midsize ones, in 180 minutes, and those of 
large size, in 270 minutes. At strength 1-160, the lethal periods for the 
small, mid-, and large sizes were 120, 240, and 360 minutes, respectively, 
and in strength 1-200 were 120, 300, and 400 minutes, respectively. In 
strength 1-240, the small bodies were all dead in 150 minutes, the midsize 
ones in 390 minutes, while about 1 per cent of the large size were still viable 
after being immersed for 480 minutes. Further, it should be noted that 
in a strength of 1-240, 19 per cent of the midsize bodies and 56 per cent of 
the large size were viable at the end of 2 hours. Apparently cold formalde- 
hyde, strength 1-240 (1 pt. to 30 gal.) is effective only for small sclerotia 
or where tubers are relatively clean. It is felt that these results would 
apply to average sclerotia as found in nature in Alberta, although evidence 
obtained during these studies indicates quite conclusively that the sclerotia 
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TABLE 1.- — The yercentage^ of small^ 'tmdium, and large scleroiia of Tdiizocionui 
solani viahle after treatment in various strengths^ of formaldehyde solution for various 
periods at 20-25° C. 



Small 

Midsize 

Large 

Time^ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


120 

160 

200 

'240' 

120 

160 

200' 

240 

120 

160 

'200 

240 

30 

2 

6 

14 

21 

26 

35 

54 

67 

43 

57 

93 


60 

1 

2 

19 

13 

16 

20 

30 

42 

30 

48 

66 


90 

0 

1 

3 

5 

8 

14 

18 

27 

26 


40 

70 

120 


0 

0 

2 

3 

10 

13 

19 

22 


31 

56 

150 




0 

1 

7 

9 

17 

16 

19 

23 

42 

180 





0 

5 

7 

12 

10 

13 


31 

210 






2 

5 


5 

8 



240 






0 

2 


2 

6 


23 

270 







2 

5 

0 

4 

10 

20 

300 







1 

3 

1 

3 



330 







0 

2 

! 

2 

5 

9 

360 








1 

j 

0 



390 








0 



3 

5 

420 ......... 











1 

3 

450 











0 

2 

480 












1 

510 












0 


a B?ised on 200-400 selerotia for small size, 100-150 medium size, and 50-90 selerotia 
for large size, and verified by treatments made at intermediate periods of 10 minutes, 
b Indicated by 1 /120, 1 /160, 1 /200, and 1 /240. 
c Minutes immersed in solution (not presoaked). 


on certain lots of potatoes may be harder to kill than those used in these 
tests. 

Melhus, Gilman, and Kendrick (5) obtained 6 per cent of viable selerotia 
after treatment for 2 hours in strength 1-120 cold formaldehyde at 26° C. 
The number of selerotia used was 100, but no reference was made regarding 
size or texture of these. At 25° C. and the same time, but strength 1-240, 
8 out of 100 selerotia grew, while, in another lot of 30 planted, none greiv. 
In view of our work, it would seem that their results might be explained 
partly on the basis of size and texture. It is interesting also to note that 
Gloyer (2), using cold formaldehyde solution, strength 1-240, for 2 hours, 
at 17-22° C., obtained 23.8 per cent viable selerotia out of 327 cultured, 
and in strength 1-60 at 21° C., for 2 hours, 5 per cent of 60 selerotia grew. 
These results are more comparable to those presented in table 1, although 
Gloyer did not state the size of the selerotia. 

Mercuric chloride. The results from the cold mercuric chloride solution, 
nonacidulated, strength 1-834, and from the acidulated solutions, strengths 
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60 120 lao 240 300 360 420 480 
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Pig. 1. Viability of small, medium, and large sclerotia of EMsoctonki solam after im- 
mersion in formalin solutions of different strengths for various periods. 


TABLE 2. — The percentage of sclerotia of Elmoctonia solani viadle after treatment 
in sohbtions of mercuric chloride (acid and nonacid) for mrious periods at C. 


Size 

Small 

Midsize 

Large 

Strengths 

1-500 

1- 

834 

1-500 

1-834 

1-500 

1- 

■834 


Per 


Per 

Per 


Per 

Per 


Per 


No. cent 

No. 

cent 

No. cent 

No. 

cent 

No. cent 

No. 

cent 

Time^ 



(Aei 

dulateda solu- 

:ion) 





3 

100 0 

100 

2 

100 1 

50 

28 

28 11 

25 

68 

' 5 

100 0 

100 

0 

100 0 

50 

6 

60 8 

30 

37 

8 

100 0 

100 

0 

100 0 

40 

12 

69 6 

20 

10 

10 





50 

7 

81 3 

33 

33 

13 





60 

3 

90 2 

, 25 

28 

15 





50 

0 

65 0 

25 

20 

■ j 



( Nonacidulat ed solution ) 





3j0 


150 

5 


150 

37 


84 

68 

45 


190 

2 


33 

14 


18 

62 

60 


300 

0 


" 5 '7 , 

6 


49 

43 

90 


200 

0 


100 

3 


60 

33 

120 





150 

1 


80 

25 

130 





135 

0 


45 

16 

150 





190 

0 


71 

9 


a By adding 1 per cent by volume hydrochlorie acid C.P. 
Minutes in solution. 
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* 1-500 and 1-834, are presented in table 2. Apparently tlie cold mercuric 
chloride solution, nonacidulated, and strength 1-834, is about as effective 

' as the cold formaldehyde solution, strength 1-120. All the small selerotia 

were killed in 60 minutes, the midsize ones in 130 minutes, but 9 per cent 
of the large selerotia were still viable after 150 minutes. The end point 
was not determined, but it would likely be about 200 minutes. Thus, where 
large selerotia are very scarce, a treatment for 2 hours or even 90 minutes 
^ would be effective for practical purposes, but, where they are numerous, 

between 25 and 30 per cent would still be viable. 

Mercuric chloride, acidulated, Cunningham (1), in New Zealand, first 

* discovered that the addition of hydrochloric acid to mercuric chloride solu- 
tion reduced the time required to kill selerotia of Ehizoctonia solani to about 
5 minutes. Leach, Johnson, and Parson (4), as a result of recent work, 
recommend treatment for 5 minutes in strength 1-500, plus 1 per cent by 
volume of hydrochloric acid. Considering the results from the acidulated 

. mercuric chloride treatments (Table 2), at strength 1-834 for 5 minutes, 

I none of the small, 6 per cent of the midsize selerotia and 37 per cent of the 

large ones grew. After a treatment of 15 minutes, 20 per cent of the large 
\ bodies were still viable. The end point for this size was not determined. 

At strength 1-500, all the small and medium selerotia were killed in 5 min- 
utes, but 8 per cent of the large ones grew. Fifteen minutes were required 
to kill all the large ones. Thus, the time strength of acid mercuric chloride 
(1-500 for 5 minutes), recommended by Leach et al., would be effective 
' for practical purposes, provided large selerotia were not abundant and 

I* that these were not unusually hard to kill. Further, the striking difference 

i in effectiveness between strengths 1-500 and 1-834 emphasizes the advan- 

I tage of using the former strength instead of the latter one. 

^ Decrease in strength. Leach et al., (4) determined by chemical analysis 

the loss in hydrochloric acid and mercuric chloride from the solution 
(strength 1-500 plus 1 per cent HCl) following successive treatments of 
potatoes. The original solution had 0.2266 per cent of HgCL and 0.376 
per cent of HCl. After 8 treatments these were 0.1864 and 0,328 per cent, 
respectively. 

I It seemed advisable to determine the decrease in effectiveness by cultur- 

\ ing the selerotia from successive lots treated in the same solution. Equal 

I quantities by weight of potatoes bearing selerotia were immersed, one after 

the other, in the same solution for the required time (5 minutes for each 
lot in the acidulated solution or 60 minutes in the nonacidulated one) and 
the selerotia plated according to size. Two different lots of potatoes were 
used for this test: one, lot l^A’’ (same as used throughout this study), 
j from which only the small selerotia were cultured ; and another, lot 
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from, which all sizes were plated. The sclerotia from lot ''B'’ were firmer 
in texture and, as indicated by the results in table 3, somewhat harder to 
kill than those of lot '‘A/’ 


TABLE 3. — The decrease m effectiveness of solutions of mercuric chloride as indicated hy 
percentage'^ of sclerotia of Bhisoctonia solani viable after successive treatinents 



Acidulated — 5 minutes 

Nonacidulated — 60 minutes 

Size 

Small 

Midsize 

Large 

Small 

Midsize 

Large 

Lotb 

A 

B 

B 

B 

A 

B 

B 

B 

Times 

1-834 

1-500 

1-500 

1-500 

1-834 

1-834 

1-834 

1-834 

1 

0 

0 

2 

17 

0 

3 

21 

62 

2 

0 

0 



0 




3 

0 

0 



0 

• 



4 

0 

0 



0 



i 

5 

0 

2 

4 

15 

1 

i 3 

i 

36 

73 

6 

1 

1 

4 

18 

1 


43 

77 

7 

1 

4 

5 

25 

3 

10 

41 

j 77 


a Based on 100 sclerotia for small and medinin sizes and on 50 for large size. 

Lot ^ ^ A, ^ ^ material as used throughout the study. Lot ^ ^ B, ^ ^ si^ecial material, 
sclerotia firmer than on lot Ay ^ 


In the nonacidulated solution, strength 1-834, for 60 minutes, all the 
small sclerotia on lot ‘‘A’’ were killed up to the 5th, 6th and 7tli treat- 
ments, in which 1, 1, and 3 per cent, respectively, were viable. On lot 
3 per cent of this size grew after the 1st treatment and 5 per cent after the 
6th one. At the same strength, 21 per cent of the medium size greiv after 
the 1st treatment, 36, 43, and 41 per cent after the 5th, 6th, and 7th treat- 
ments, respectively; while 62 per cent of large sclerotia grew after the 1st 
treatment and 73, 77, and 77 per cent after the 5th, 6th, and 7th, respec- 
tively . 

With regard to the acidulated solution, the small sclerotia of lot ‘"A,” 
in strength 1-834, were all killed up to the 6th and 7th times, when 1 per 
cent grew in each case. The small sclerotia of lot/'B,’’ in strength 1-500, 
were all killed up to the 5th time, when 2 per cent were viable. Two per 
cent of the medium size of lot ''B'’ grew after the 1st treatment in strength 
1-500 and 4, 4, and 5 per cent after the 5th, 6th, and 7th times. As for the 
large size, 17 per cent of these grew after the 1st time and 15, 18, and 25 
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per cent after the 5th, 6th, and 7th times. If we may judge on the basis 
of results obtained from the small sclerotia, indications are quite definite 
that either the acidulated or the nonaeidulated solution may be used at least 
5 times without serious reduction in effectiveness. 

EFFECT OF TREATMENT ON VITALITY OF SET 

Field and laboratory tests were made of tbe effect of various treatments, 
mentioned in tables 1 and 2, on the vitality of the set. Part of a lot of 
Netted Gem potatoes w^as kept in cold storage so that only very short 
sprouts started. On the other part, kept in a basement, sprouts upwards 
of i in. long developed. This material was treated as required, i of each 
tuber being planted in sand in the greenhouse and kept moist, the other half 
in rows in the field, 20 sets per row, 18 in. apart. The following time- 
strength treatments of formaldehyde were used : 1-120 for 60, 180, and 
240 minutes ; 1-160 for 80, 220, and 310 minutes ; 1-200 for 100, 270, and 
390 minutes; and 1-240 for 120, 320, and 470 minutes. 

Using the same procedure, the following mercuric chloride treatments 
were made: nonaeidulated, strength 1-834 for 60, 90, and 120 minutes; 
and acidulated, strength 1-834 for 5, 10, and 15 minutes, and strengtlv 
1-500 for 3, 5, and 8 minutes. 

Notes on the greenhouse material were taken at emergence and again 
when the sprouts were about 6 in. high and on the field material at emer- 
gence and at blossom time. Briefly stated, the results in all cases, based on 
observation, were that no detrimental effects of the various treatments on 
the vitality of the sets could be seen. Yield data taken also showed no 
significant differences arising from any of the treatments. Obviously, final 
conclusions cannot be drawn from only 1 year’s results. 

SIZE OF SCLEROTIA IN NATURE 

The results already presented conclusively show that, in determining 
the effectiveness of any treatment, size of sclerotia is quite as important 
as time of immersion or strength of the solution. Hence, it is at least inter- 
esting to know the proportion of each size commonly occurring in nature. 
The data in table 4 suggest the percentage of large, medium, and small 
sclerotia found on 9 representative lots of potatoes grown near Edmonton 
in 1931, all of which were harvested rather late from soils of relatively high 
moisture content. If the scurf could have been counted or estimated as 
“small” on a numerical basis, the percentage of this size would have been 
increased. It, ho-wever, was found that the proportion of small, medium, 
and large size, as counted, was roughly 13:3:1. Of course, these figures 
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TABLE 4. — IRelative sises^ of sclerotia of Wiisoctonia solani on 0 lots of potatoes^ 
19S1 crop, Mdmonton, Canada. 


Lot 

Biab 

rating 

Tnbers 

counted 

Total 

sclerotia 

i 

Small 

Midsize 

Large 

Number 

scurfy 

Date 

liarvested 

1 ... 

JPer ct. 

50 

29 

1,206 

Ter et. 

S3 

Ter ct. 

12 

Ter ct. 

5 

15 

Oct. 1- 7 

2 

16 

: 19 

419 

93 

6 

1 1 

i 

I 4 

i 


3... 

4 

28 

728 

80 

15 

1 

1 5 

1 

i 

! s 

10-16 

4... 

9 

14 ■ ' 

272 

52 

38 

10 

4 


5... 

25 

'34 

124 

92 

8 

0 

7 

Sept, 28-30 

6... 

4 

20 

475 

78 

17 

5 

3 

Oct. 1 

7... 


24 

658 

67 

22 

11 

0 


8... 

1 

11 

125 

73 

21 

6 

1 

Oct. 1- 8 

9,.. 

6 

31 

725 

69 

20 

11 

0 

Sept. 23-30 




Average 

76.3 

17.6 

6 




a Dimensions of small, midsize, and large approximately the same as used through- 
out this paper. 

b The number of tubers out of 200 chosen at random on which any sclerotia occurred. 


are only suggestive, but, if further investigation shows this proportion to 
be approximately normal, due weight can be given to any of the time- 
strength-size treatments recommended for general use. 

DISCUSSION 

These studies show very clearly that the standard cold formaldehyde 
solution (1-240 for 2 hours) is not effective for general use in treating 
tubers where medium and large sclerotia are to be killed. Briefly stated, 
this treatment would not seem justified on any grounds except when sclero- 
tia are practically absent or limited to very thin scurf. Why a number of 
the bodies were not killed even after 4-5 hours’ soaking was not definitely 
determined, except that they were always the compact, hard ones. Firm, 
small sclerotia, difficult to kill, were not uncommon. A fairly large propor- 
tion of both medium and large sizes were loose in texture and quickly killed. 
Had the material been presoaked, the effectiveness of all treatments would 
have been increased materially, but this was not done beyond determining 
that presoaking is valuable in this connection. 

With regard to mercuric chloride, these studies show quite conclusively 
that a solution of strength 1-834 for 1 hour was about as effective in killing 


1933] 


Sanford and Marritt: Ehizoctonia Solani 


279 


tlie small and medium sizes as formaldehyde, strength 1-120 for 2 hours. 
By adding 1 per cent, by volume, of hydrochloric acid to a mercuric chloride 
solution, strength 1-500, effective results for practical purposes can be 
obtained in about 5 minutes, provided large or extra hard sclerotia are not 
abundant. This fact should be sufficient to recommend its use in place of 
either the cold formaldehyde or the nonaeidulated mercuric chloride solu- 
tions for killing sclerotia of Ehizoctonia solani. 

SUMMARY 

The relative effectiveness of various time strengths of cold formaldehyde, 
nonaeidulated, and acidulated mercuric chloride in killing small, medium, 
and large sclerotia of Ehizoctonia solani on the surface of potatoes was 
determined. The approximate dimensions of these bodies in flat diameter 
and thickness are given. 

In the standard cold formaldehyde solution, strength 1-240, 2 per cent 
of the sclerotia of small size, 19 per cent of medium size, and 56 per cent 
of the large size were viable after being immersed for 2 hours. It required 
390 minutes to kill all the medium sclerotia and 480 minutes for the large 
ones. Stronger solutions were increasingly effective for all sizes. The 
lethal period for the small, medium, and large sizes in strength 1-120 was 
90, 180, and 270 minutes, respectively. 

The cold mercuric chloride solution, strength 1-834, was more efficient 
than any of the cold formaldehyde solutions used. The lethal period for 
the small, medium, and large sizes was about 60, 130, and 150 minutes, 
respectively, depending upon the texture. 

The acidulated mercuric chloride solution, strength 1-500 plus 1 per 
cent by volume of hydrochloric acid, killed all the small sclerotia in 3 min- 
utes and the medium size in 5 minutes. Eight per cent of the large size 
were still viable after 5 minutes and 2 per cent after 13 minutes. Treat- 
ment in strength 1-834 killed the small sclerotia, but a rather high per- 
centage of the medium and large sizes grew. 

Evidence from plating treated sclerotia shelved that where small or 
medium sclerotia are concerned, the solution of either acidulated or non- 
acidulated mercuric chloride was effective up to the 5th successive treat- 
ment and, for practical purposes, probably up to the 8th by extending the 
time. 

The variability in texture of the sclerotia on any lot of potatoes or 
among different lots is often very marked, making necessary different lethal 
periods in a given solution. 

Under the conditions of the test (one season) none of the following 
time-strength treatments used perceptibly weakened the vitality of the set : 
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Cold formaldehyde, strength 1-120 up to 240 minutes; 1-160 up to 310 
minutes; 1-200 up to 390 minutes; and 1-240 up to 470 minutes; cold 
mercuric chloride, strength 1-834 up fo 120 minutes ; and acidulated mer- 
curic chloride, strengths 1-500 and 1-834 up to 8 and 15 minutes, respec- 
tively. 

Prom counts made on 9 representative lots of potatoes the proportion of 
small, medium, and large sclerotia was 13 : 3 : 1. 

Dominion Laboeatory op Plant Pathology, 

University op Alberta, Edmonton, Canada. 
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INTUMESCENCES ON LEAVES OF EUCALYPTUS CORNUTA, 

E. COCCIFERA, HIERACrUM VENOSUM, MITCHELLA 
REPENS, AND THURBERIA. THESPESIOIDES^' 

Carl B. La Bue 
(Accepted for iDiiblication May 23, 1932) 

Intumescences have been I’eported on a number of plants since Sorauer 
(8) first applied that name to the masses of . cells that appear under certain 
conditions on leaves, twigs, and even on roots. These outgrowths are usu- 
ally rather small, and, since, in most instances they are probably not greatly 
detrimental to the plants, they are. often overlooked. The number of 
species known to produce such abnormalities is, however, increasing from 
year to year. The writer became interested in intumescences on leaves of 
poplar some years ago (5) and since that time has noticed their appearance 
on several plants that have not hitherto been known to produce them. 

This paper deals with intumescences on leaves of Eucalyptus cornuta 
Labill., E. coccifera ILook., Hieraclum venosumJj,, Mitcliella repens L., and 
Thurheria thespesioides A. Gray. 

Euealypt%is cornuta. Several species of Eucalyptus have been reported 
to produce these abnormalities, but E. cormita has not been named among 
them. A number of plants of this species are growing in the greenhouses 
of the Botanical Gardens of the University of Michigan, and very small 
green intumescences have been seen on all of these. They occur on both 
the petioles and the blades of the leaves but have not been found on any 
other organs of the plants. They appear on both surfaces of the leaves, 
and are not, so far as can be determined, more numerous on one surface 
than on the other. On the petioles they seem to be scattered at random, 
without reference to upper or lower surface. They have not been found in 
great abundance on any leaf ; at least not as compared with the numbers 
that have been seen on leaves of poplars, but 50 or 60 may be developed on 
one surface of a given leaf. 

So far as the time of development goes, it can be said with certainty 
that they appear only on the young leaves before they are half grown and 
do not increase in number after that time, although they may persist until 
the leaves have reached full , size. Nothing is yet knowm of the causes of 
these excrescences, and no experiments have yet been performed to deter- 
mine them. Pieces of leaves bearing the intumescences were cut out, killed, 
imbedded, sectioned, and stained in the usual manner. No difficulties of 

1 Paper No. 381 from the Department of Botany, University of Michigan. 
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tecliniqiie were encountered, so it is unnecessar3^ to discuss methods in 
detail. 

It was found that some outgrowths were confined to the epidermis and 
so were scarcely to be detected by the naked eye. The cells of the upper 
epidermis were involved in some abnormalities; in others the lower epi- 



Pig. 1. Iiituiiiesceuces. A. On lower surface of Eiiealytus cornuta, B. On upper 
surface of E, oornuta. C, Young one on lower surface of E. cormita. D. On lower sur- 
face of Thurheriathespesioides, 
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dermis was the seat of the disturbance. Sometimes, the cells are greatly 
enlarged in all dimensions but have not divided, but, in other instances, 
they have divided once or twice with a resulting increase in volume. 

Outgrowths on the upper surface that extend beyond the epidermis 
have not been found in any case to reach below the palisade layers 
(Fig. 1, B). The palisade cells may be elongated without any increase in 
width and without undergoing division, but, among such cells, others may 
be seen that have swollen in all dimensions without division, while still 
others have divided, even repeatedly. Usually, the swollen cells are the 
ones that divide rather than those that are greatly elongated without corre- 
sponding increase in width. The elongation of these cells is, as might be 
expected, at right angles to the surface of the leaf, since the pressure of 
other cells on their sides prevents so great an increase in the direction 
pai'allel to the surface. 

In has been mentioned that the intumescences remain green, and in the 
sections the chloroplasts are seen to be normal, although their number is 
not proportional to the increase in volume of the cells. The vacuoles of 
the cells are greatly enlarged, but no other change in the appearance of the 
eells could be detected. The cell walls appear to be unchanged except for 
their increase in extent. 

The abnormalities that appear on the lower surfaces of the leaves are 
quite like those on the upper surfaces, except, of course, for the difference 
in the tissue involved (Fig. 1, B and C). Here, the changes do not extend 
beyond the spongj’' parenchyma but they usually affect all the cells of that 
tissue. One does not find a great elongation of the cells in one dimension, 
as occurs in the palisade cells, apparently because the looser tissue allows 
them to expand more readily in all directions. In this tissue the eells may 
undergo enlargement without division or they may divide once or more. In 
other respects the changes are very like those of the palisade cells. 

One finds the intumescences, then, whether on the upper or the lower 
surface, made up of an admixture of enlarged cells, eells without enlarge- 
ment or division, those that have divided without noticeable increase in 
size, and others that have divided and also undergone extensive swelling. 
Such growths might be spoken of as a mixed type, since they are neither 
hypertrophies nor hyperplasias but a conglomeration of both. In cross 
section they are seen to vary from 5 to 60 cells in extent. 

In many of the intumescences there is a beginning of periderm develop- 
ment, w^hich may have its inception in the epidermis itself, or in any of the 
layers of the mesophyll, depending on the surface on which the overgrowth 
is developed (Fig. 1, A). Again, the layer of periderm may form in an 
arc beginning in the epidermis, on one side, and dipping into the meso- 
phyll to the lower layer of the palisade or to the upper layer of spongy 




Fig. 2. Intumeseenees. A. On upper surface of TJmr'beria tliespesioides. B. On lower 
surface of Sieracium venosum. 


mesophyll, respectively, then passing out to the epidermis, on the other 
side, so that the intumescence is completely isolated from the remainder of 
the leaf. Soon after the periderm is formed the cells of the intumescence 
that lie outside this layer collapse, and the periderm becomes suberized. 
Thus, the leaf is completely closed against the entrance of fungi and sealed 
against loss of water. 

• Eucalyptus coccifera. Sorauer (9) has reported the presence of in- 
tumescences in this species but has given no details of their development. 
Plants of this species, growing alongside those of E. cornuta in the Botan- 
ical Gardens of the University of Michigan, attracted the attention of the 
writer because of the presence on the leaves of numerous bright red spots, 
which were scarcely raised above the surfaces, and did not suggest that they 
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were of the nature of intumescences. Examination with a microscope, how- 
ever, indicated such a nature, which was proved hj a study of sections 
of the affected leaves. 

The leaves of Euecilypiiis coccif era are isobilateral, with palisade on 
both surfaces, although this would not be expected from their position, 
which is that of ordinary leaves. In general, isobilateral leaves assume a 
vertical position, and the horizontal arrangement of leaves usually suggests 
that they are dorsi-ventral as regards their internal structure. In spite of 
the fact that both sides of the leaves in this species are almost identical, the 
intumescences are much more abundant on the upper than on the lower 
, surface. 

Nothing has been found out as to the cause of these outgrowths, which 
come near being hyperplasias, since they are made up of cells that are little 
increased in size over those of the normal leaf. The number of cells, how- 
ever, is greatly increased in the overgrowths, which, in general, is char- 
' acteristic of hyperplasias. There is nothing of special note in these growths 

except the development of periderm, which separates the mature intu- 
I mescences from the normal parts of the leaf. There is usually one layer 

of periderm that is very well developed, and that is located in the outer 
part of the outgrowth. Later on, another layer may be formed near the 
innermost part of the intumescences, and it is not unusual to find a third 
layer between these two, which was probably developed before the inner 
layer. The intumescences that have been studied in this species were ma- 
ture and were seen to consist of alternate layers of mesophyll cells and 
periderm. No young stages have been secured for study, so that it is im- 
I possible to be sure of the sequence of developments in all eases. All layers 

of the periderm became suberized. 

■ The bright red of the intumescences seems to depend on the isolation of 

the mesophyll cells, which contain chlorophyll, from the interior of the 
leaf, with a consequent accumulation of sugar in the isolated cells, and an 
extensive development of anthoeyanin. The red color indicates an acid 
reaction in the cells, which has been found by Harvey (1) in intumescences 
on Eicinus, beet, and Bryophyllum leaves. 

Hieracmm venosuni. The abnormalities on this plant were produced in 
response to injections of water and of weak solutions of ammonia. Smith 
(10) found that injections of ammonia and other chemicals caused abnor- 
mal growths in Bicimts communis L. and other plants. In imitation of his 
methods, the writer made similar injections into plants of several different 
species, without result except in H, venosum. Some time after the treat- 
ment it was found that low intuinescences had developed around the site 
of the injection number of the leaves. They appeared both in the 
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plants injected with ammonia and in those that had received injections of 
water only. Hence, it appears most likely that the growths are dne rather 
to the injury caused by the insertion of the needle than to the substance 
injected. All the injections were made through the lower epidermis, and 
all the intumescences were found on the low-er surfaces of the affected leaves 
and in a ring immediately around each of the wounds. 

Sections of intumescences reveal a great increase in cell number in the 
spongy mesophyll, which is the only tissue affected, if we exclude the epi- 
dermis, which is pushed out -at first and later is ruptured but not otherwise 
affected. The cells show considerable swelling and enlargement of the 
vacuoles but evidence no important changes in the structure of their w’^alls. 
The chloroplasts are more widely distributed than in the normal cells but 
are not distorted. As in all other intumescences studied by the writer, the 
strongest growth, lies near the veins. Often two or more small veins are 
involved. 

Periderm development occurs in these outgrowths in the outer layers 
of cells. A beginning of this is shown in fig. 2, B. When periderm forma- 
tion has been completed the leaf is again sealed against water loss and in- 
vasion of parasitic organisms, and the leaf completes its normal length of 
life without further effect of the abnormalities. 

Mitchella repens. In a previous paper (4), an account was given of 
some experiments on leaves of M. repens in an attempt to determine the 
source of the water supply of the epidermis. In some of these experiments 
the lower epidermis was separated from the spongy mesophyll, and in some 
others the epidermis was removed from the lower surface of the leaf, w^hich 
was kept afterward in a moist chamber to prevent death of the cells by 
desiccation. Under these circumstances the leaves threw out masses of cells 
from the spongy mesophyll, which had thus been relieved of pressure. All 
appearances would indicate that these growths were intumescences. Sec- 
tions were made of representative specimens the study of which showed that 
masses of cells had been formed by division of the cells of the mesophyll 
nearest the lower epidermis. Some swelling of the cells had occurred but 
not enough to account for the rise of intumescences. Numerous divisions 
had taken place and the number of cells in an intumescence was greatly 
increased over that found in a section of the normal leaf. Periderm forma- 
tion was found neither in the growths under the lifted epidermis nor in 
the leaves from which the lower epidermis had been removed. Both these 
situations would offer rather unsatisfactory conditions for the growth of 
periderm if Massart’s (6) idea that cicatrization does not occur in wounds 
that are kept in a moist atmosphere is correct. Rodger (7), however, has 
shown that too much emphasis must not be put on this contention, for peri- 


1933] 


La Eue: Intumescences on Leaves 


287 


derm may be formed in parts of plants submerged from the time of wound- 
ing. It is still possible that the presence of a very moist atmosphere may 
inhibit periderm formation, where the actual water as a liquid does not. 

Thurleria thespesioides. A few plants of T. thespesioides have been 
kept in the greenhouses at the Botanical Gardens for several years. For 
3 successive years it has been observed that the leaves were covered with 
small intumescences. On some leaves little surface has been left free and 
normal, so that one unfamiliar with the plant might almost suppose the 
leaves were naturally rugose, instead of smooth, as they really are. A few 
leaflets could always be found that showed the normal appearance. Thus 
far, nothing is known of the cause of the growths on this plant. 

Examination of sections of the leaves shows that the abnormalities form 
on either surface, though they are most numerous on the upper side. Those 
that appear on the upper side involve only the single layer of palisade cells 
and do not extend into the spongy mesophyll. The palisade layer is not 
affected by the outgrowths on the lower surface, which are confined to the 
spongy layers. The epidermal cells may or may not increase in size, but 
they never divide. The epidermis may be stretched to allow room for the 
enlarged cells inside it, but it is not often torn open, as it is in many intu- 
mescences on other plants. The relation of veins to intumescences has been 
noted before in this paper and also in a previous paper by the writer (5). 
In this plant, too, the growths are best developed near the veins. 

The intumescences of Thurberia are due largely to the elongation of the 
cells, although some cell divisions take place. In some parts of the leaves 
one finds cells that have increased in width as well as in length, but by far 
the greater number of elongated cells show little or no widening, and, as 
a result, they come finally to have a most abnormal shape. (Figs. 1, D, and 
2, A.) The chloroplasts of the cells are not injured and the nuclei appear 
normal. 

Periderm seems to form in those cases where the epidermis is split open, 
but, as has been said, most of the intumescences never rupture the epi- 
dermis. Hence, the outgrowths cause no particular harm to the leaves 
on which they develop, although they remain until the leaves fall. 

DISCUSSION 

The intumescences described on the foregoing pages are all, with the 
exception of those on Thurberia, of a type that may be called mixed,’’ 
since they combine the characteristics of hypertrophies and of h^qoer- 
plasias ; that is, they are formed by the sw^elling and division of the meso- 
phyll cells. In Thurberia the outgrowths may show^ a few cell divisions, 
but they are produced mostly by the swelling of the cells of the regular 
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layers of tlie niesophylL P>otli of these, types are known from the cleserip- 
tions of other authors. 

Kiister (2) would probably not consider the abnormalities on Hieracmni 
venosiini and on MitcheUa repens intiimescences at all but would refer 
them to the category of wound reactions. It does not seem that the dis- 
tinction should be pushed too far, because, after all, such growdlis as 
Kiister considers true intumescences, those he has described on Populus 
tremula L., for instance, while they are not caused by 'wounding, probably 
are due to abnormal enyironniental conditions that may not be dif erent in 
their final effect. To' the writer it seems that the form of growth is a bet- 
ter criterion for the decision as to what name shall be applied to it than is 
the cause of its inception. 

The development of anthocyanin, seen in the intumescences on Euca- 
lyptus coecifera;, has not been observed by the writer in any other plant, 
nor has mention been made of it by any other author so far as is known 
to liim. Such, a production of pigment is a very common oecurreiice in 
galls and also in tlie outgrowths of epidermal cells caused by attacks of 
species of Briophyes (3). From the similarity of such growths to intumes- 
cences, it is rather surprising that the latter do not develop anthocyanin 
more frequently. 

The development of periderm in the intumescences on Eucalyptus coc- 
ci f era is more extensive tlian that observed by the writer in any other such 
growtli or seen in the illustrations of any other intumescence on a leaf. 
Fresumablj^ the periderm in intumescences is dependent on the facility of 
periderm formation possessed by tlie leaf in general and shown in any type 
of wound on that leaf. Wylie (11) and Eodger (7) have shown that plants 
possess the power of periderm formation in varying degrees, and one might 
predict the different manifestations of this power found in different intu- 
ineseences. The age of a given intumescence also has much to do with peri- 
derm formation, and it is likely that some intumescences have not been 
observed in sufficiently mature stages to reveal its presence. 

SUMMARY 

. Intumescenees are described on leaves of Eucalyptus cornuta, E. coc- 
cifera, Kierackim venosuni, 3Iitc]iella repenSj and Thairheria tliespesioides. 

Extensive cell division occurs in the formation of the outgrowths in the 
first 4 species named above, but the outgrowths on Thurberia show rather 
few cell divisions. 

Tlie outgrowths show extensive swelling of cells in all the species con- 
cerned, with large increases in the size of the vacuoles. 
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Periderm is formed in all the ontgrowths except those on M. repens. In 
E. coccifera it is especially well developed. 

Anthocyaniii is formed in the intumescences on E. coccifera, which 
causes them to appear as red spots on the leaves. 
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RESISTANCE OF SOME OP THE CULTIVATED SPECIES OF 
ALLIUM TO PINK ROOT (PHOMA TBRRBSTEIS) 

D. B. POETER AND H. A. JONES 
(Accepted for publication May 23, 1932) 

INTRODUCTION 

Pink root, recently shown by Hansen (1, 2, 3) to be caused by Plioma 
ierrestris Hansen, is a major disease of the onion in California. It is often 
found in fields growing onions for the first time, but, with continued culture 
in infested soil, losses ranging from 50 to 96 per cent have been reported. 
As the causal organism is a soil-inhabiting parasite, the most logical means 
of control seems to be the development of resistant strains. With this need 
in mind, we are now seeking resistant species of Allium or resistant varie- 
ties of A. cepa for hybridizing with those susceptible varieties that are 
important commercially, and we are selecting for resistant individuals 
within the susceptible varieties now extensively used in California. The 
marked resistance manifested by several species of Allium justifies the pub- 
lication of our results to date. 

HISTORICAL 

Published data on resistance to onion pink root are somewhat compli- 
cated because several distinct organisms are reported as causing the disease. 
Taubenhaus (6, 7, 8) attributed pink root to an organism that he named 
Fusarium nmlli Taub., and in all his work on resistance of varieties and 
species he assumed pink root to be a fusarial disease. Sideris (4, 5) re- 
ported several species of Fusarium to be capable of inducing the disease. 
Hansen (3), however, found that onions did not become infected when in- 
oculated with F. main and stated in his paper that L. P. Alexander, of the 
University of Wisconsin, had obtained similar results, 

Taubenhaus (8) planted the onion varieties Yellow Dutch, Yellow 
Danvers, Australian Brown, Large Bed Globe, Large Bed Wethersfield, 
Large White Globe, White Portugal, and Extra Early Bed on infested 
soil and found all highly susceptible except the last mentioned variety. He 
thought that Extra Early Bed was perhaps, in reality. Red Bermuda, which 
he stated was fairly resistant, as were other types of Bermuda onions, ex- 
tensively grown in Texas. He further reported that the multiplier” 
varieties of onions, as well as shallot and the Mexican and Italian garlic 
varieties, were all highly susceptible. No infection was noted on Narcissus, 
tulip, Funkia, Iris, Freesia, or Lilium when grown in infested soil. Hansen 
(3) isolated Phoma from cowpeas, Tigna sinensis; Lima beans, Phaseolus 
limemis;mdpotQ.toeB,Solanicmtu'berosum. 
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We consider that pink root is caused by the species of Phoma named 
by Hansen, for the disease had developed in epiphytotic form when a cul- 
ture of P. terresfris supplied us by Hansen was added to steamed soil in 
which onions (from disinfected seed) were growing. 

METHODS AND MATERIAL 

At University Farm, Davis, pink root has become particularly severe in 
a small plot that has been continuously planted to onions since 1925. All 
our tests, except when otherwise specified, have been conducted either in 
this infested plot or with the same soil in the greenhouse or cold frame. 
We know this soil to be uniformly infested because, under favorable en- 
vironmental conditions, approximately 100 per cent infection develops on 
such varieties as Australian Brown and Yellow Globe Danvers. The meth- 
ods of irrigation and cultivation are, furthermore, conducive to uniform 
distribution of the pathogen in the soil. Unless otherwise specified, the 
trials have been replicated so as to correct for possible heterogeneity of the 
soil. The uniformity of infection in the individual replications of the same 
variety gives further evidence of uniform infestation. 

The species of the genus Allium that we have tested are indicated below. 
The commercial varieties Yellow Globe Danvers and Sweet Spanish, now 
known to be, respectively, highly susceptible and slightly resistant, have 
been used as checks in measuring the resistance among the various species 
of Allium. Garlic, A. sdtivum, is now extensively grown in California and 
Louisiana. Although leek, A. porrum^ is not widely grown in the United 
States, some is produced in California. Shallots, A. ascalonicuMj are a 
popular crop in certain districts of the South, especially in Louisiana. 
Chives, A. schoenopraswm, are raised only on a small scale in America. 
A type of A. fistiiZosum^ called Nebuka by the Japanese and grown by them 
as a green onion, makes a rapid growth in early spring, forms no bulb, and 
may possibly replace shallots in some districts (Fig. 1). 

Kelative resistance to pink root has been measured in one of several 
ways. When plants were grown in infested soil in the greenhouse or in 
cold frames, the root systems were examined to obtain actual counts of 
diseased plants. Such procedure was also possible when seed was sown 
thickly in the field and the seedling plants were pulled for transplanting. 
Obviously, when leaf symptoms or yields were being determined, root in- 
fection could not always be recorded. In the field, when the plants were 
grown to maturity, resistance was determined by (a) percentage of plants 
living on successive dates during the growing season, (b) relative vigor of 
living plants, and (c) average weight of the mature bulbs in bulb-forming 
varieties or species. 
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Pig. 1. ISebiika, Allium fistulosvm, which is resistant to attack by the pink-root organism. 


RESULTS 

Oil March 15, 1928, green plants of the varieties Yellow Danvers Flat, 
Soutliport Yellow Globe, ’White Portugal, Australian Brown, Red Wethers- 
field, Sonthport Red Globe, Ebenezer, Yellow Globe Danvers, California 
Early Red, Italian Tripoli, and Valencia were planted in infested soil in 
the field. All the bnlbs except Valencia, when dug on July 17, were found 
so severely infected with pink root that their average weight was 48.4 gm. 
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or less, while that of Valencia was 81.6 gm, Average bulb weights for the 
remaining varieties were as follows : Yellow Danvers Plat, 26.5 gm. ; South- 
port Yellow Globe, 25.5; White Portugal, 25.3; Red Wethersfield, 45.8; 
Southport Red Globe, 35.9; Ebenezer, 36.3; Yellow Globe Danvers, 39.5; 
California Early Red, 48.4; and Italian Tripoli, 37.1 gm. Relative bulb 
size cannot always be used as an index of resistance, because of differences 
in date of maturity and inherent size-determining factors. Later work, 
nevertheless, has shown that the onions of the Sweet Spanish type con- 
sistently mature marketable bulbs in heavily infested soil. 

In September, 1929, green plants of Nebuka were set in infested soil in 
the field. On December 31, 1929, dry sets of garlic, seed of Giant Mussel- 
berg leek, Yellow Globe Danvers, and Sweet Spanish onions were similarly 
planted. Except the 2 latter varieties, the growing plants were not moved 
until October, 1930, when all were examined for evidence of pink root. 
As seed of Yellow Globe Danvers and Sweet Spanish had been planted 
thickly, the seedlings had to be transplanted in May, 1930. At that time, 
infection of these 2 varieties was 98.2 and 85.1 per cent, respectively. 
Although 85.1 per cent of the Sweet Spanish plants were infected, many 
manifested only a mild attack, with a small lesion on 1 or 2 roots. Infec- 
tion was more complete and severe on Yellow Globe Danvers, for, out of 
1,407 plants examined, only 121 were considered sufficiently free of infec- 
tion to transplant. Sweet Spanish was more tolerant of the disease than 
was Yellow Globe Danvers. 

The results indicated that of the 6 species tested, 4, namely, Allium 
porrum, A. schoemoprasum, the Sweet Spanish variety of A. cepa^ and the 
Nebuka type of A. fist ulosuiny exhibited marked tolerance of the disease, 
Allium sativum and A. ascalonicum were extremely susceptible; and the 
Yellow Globe Danvers variety of A. cepa, although apparently less suscepti- 
ble than A. sativum ^ proved not to be so when relative plant vigor and per- 
centage of plants severely infected were considered. Although 50 per cent 
of the Yellow Globe Danvers plants were living on August 25 (as measured 
by green leaf tissue), many of these made relatively little growth after 
July 8. New roots, apparently, formed just fast enough, after the older 
ones became infected, to keep the plants alive but not fast enough to allow 
normal growth. Conversely, though 96 per cent of the Sweet Spanish 
plants were living on August 25, not all showed the same relative vigor. 
Many had considerably reduced leaf area but were much more vigorous 
than Yellow Globe Danvers. When the bulbs w^ere dug in September, in- 
fection of these 2 varieties, as manifested by root symptoms, was almost 100 
per cent; but the Sweet Spanish had many more living uninfected roots 
than did the Yellow Globe Danvers bulbs. The average bulb weight of 
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these 2 varieties was 76.8 and 28.4 gm., respectively.. Several individual 
bulbs of Sweet Spanish weighed as mucli as 280 gm., while the largest bulb 
of Yellow Globe Danvers weighed only 60. 

Garlic and shallot were extremely susceptible. Although no complete 
data were taken on bulb weight of these species, an examination of the roots 
on August 30 showed almost 100 per cent severe infection. 

Chives and leek were markedly resistant. Pink root was perhaps not 
severe enough on any plants of these 2 species to affect normal growth 
seriously. Root lesions were usually small, and ver^^ few roots showed 
complete infection. Similar results were secured in the greenhouse during 
the winter of 1930-31, wdien 402 chives plants w^ere growm adjacent to 832 
Yellow Danvers Flat in infested soil. The relative pink root infection of 
these 2 varieties w^as 7.9 and 94.5 per cent, respectively. Though infection 
on Yellow Globe Danvers was extremely severe, only very mild infection 
w’as noted on the chives roots — ^probably insufficient to interfere with 
normal growth. 

Nebuka exhibited marked resistance. None of the plants died j and the 
roots, when examined for infection at the end of the growing season, were 
found only slightly damaged. This type, which grows perennially, has 
been propagated continuously in infested soil since September, 1929, with- 
out the slightest sign of being damaged by the disease. A similar statement 
may be made for chives and leek, although they have not been propagated 
so long in infested soil as has Nebuka. 

Our next trial w^as conducted with infested soil in 5-in. pots set in a 
coldframe. The varieties used were Southport Yellow Globe, White 
Portugal, Sweet Spanish, Australian Brown, Prizetaker, Southport White 
Globe, Red Wethersfield, Southport Red Globe, Ebenezer, Italian Red, 
Yellow Globe Danvers, Ailsa Craig, Extra Early Red Plat, Michigan Yel- 
low^ Globe, Ohio Yellow Globe, Valencia, Early Medium Yellow, leek, and 
Nebuka. Seed of these varieties and dry bulbs of garlic and shallots were 
planted on February 19, 1930. Observations were made on plant size and 
vigor until May 15, wffien the plants were pulled, weighed, counted, and 
examined for infection. The results (Table 1) indicate the percentage of 
plants moderately and severely infected as well as the calculated average 
weight per 100 green plants of those infected and those free of disease. 
These data indicate that leek and Nebuka were extremely resistant and 
that, of the 17 onion varieties tested, the Sweet Spanish types (Valencia, 
Sweet Spanish, and Prizetaker) were less susceptible than the remaining 
14 varieties. Garlic and shallots were extremely susceptible. 

Further tests were conducted in the field in 1930, when Nebuka, leek, 
garlic, shallots, and seveiml varieties of Allium cepa were compared in 



TABIiE 1.- — Mclative suscepiihiUty of leeh, NehuJca^ and 17 varieties of onions to pmk root, as manifested hy seedlings grown 

infested soil. Plants 85 days old 
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infested soil. The onion varieties planted were Yellow Danvers Plat, 
Southport Yellow Globe, White Portugal, Australian Brown, Southport 
White Globe, Bed Wethersfield, Southport Red Globe, Ebenezer, Italian 
Red, Yellow Globe Danvers, Early Medium Yellow, Yellow Strasburg, Ohio 
Yellow Globe, Valencia, S^veet Spanish, and Prizetaker. Green plants 
grown for several weeks in disease-free soil in a cold frame 'were trans- 
j)lanted into an infested area in the field on May 15. Observations were 
made regarding percentage of living plants and relative vigor during the 
growing season ; and, as the varieties matured, bulb size and percentage of 
plants producing bulbs were determined. Summarized data covering this 
test (Table 2) show that at maturity, in infested soil, those varieties of the 
Sweet Spanish type produced significantly larger bulbs than did the other 
varieties. Evidently, furthermore, Nebuka and leek were more resistant 
than any A^arieties of A. cepa used. No data are giA^en for garlic and 
shallots in this test, but the plants died Avell in advance of the normal date 
of maturity, the bulbs Avere stunted, and much of the root system Avas de- 
stroyed by the pink-root pathogen. 


TABLE 2 . — Response of some species of Allium and of 15 varieties of A. cepa. to pinlc 
root when green plants produced in disease-free soil loere transplanted into infested soil in the 
field on May 15, 1950 y at Davis, California, 


Variety 

Num- 
ber of 
plants 

Percentage of 
plants living 

Relative vigors 

Per- 

centage 

bulb- 

ing 

Average 
bulb weight 
gni. 

June 

18 

July 

19 

June 

18 

. 

July 

19 

Yellow Danvers Flat 

75 . 

92.0 

66.6 

3 

24- 

85 

33.6 

Southport Yellow Globe 

79 

91.1 

84.8 

3 

3 

93 

30.8 

White Portugal 

79 

96.2 

89.9 

3 

3- 

94 

26.1 

Australian Browm 

80 

88.7 

62.5 

2 

2- 

87 

18.3 

Southport White Globe .. 

80 

98.7 

85.0 

4- 

3 

90 

39.2 

Southport Red Globe ......... 

79 

96.1 

81.1 

3 

3- 

94 

25.2 

Ebenezer 

79 

91.1 

66.1 

2 

2 

98 

16.9 

Italian Red 

80 , 

90.0 

82.5 

2+ 

24- 

87 

30.8 

Yellow Globe Danvers 

79 

87.4 

79.8 

3- 

3- 

' 85 ■ 

24.4 

Early Medium Yellow ... 

80 

96.3 

: 85.0 

24- 

: 24- 

94 

22.4 , 

Yellow Strasburg 

158 

94.3 

1 75.1 

3- 

■ 2 

82 

■24.4 

Ohio Yellow Globe 

156 

95.1 

I 74.2 

2+ 

2 

1 ,91 

' . 22.9, 

Sweet Spanish 

237 

98.9 

97.1 

4 

■■ , 4- 

: 98 

61.6 

Valencia 

77 

98.2 

96.1 

4 

: 3+ 

1 99 

58.8 

Prizetaker 

79 

97.1 

96.0 

4 

3P 

98 

64.4 

Nebuka 

45 

100.0 

100.0 

4 

4 



Leek 

45 

100.0 

100,0 

4 

/ 4 


i , ■ 


a Indicated progressively from 0 (plants dead) to 4 (most vigoi'ous). 
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The final test was conducted in the greenhouse with Yellow Globe Dan- 
vers (susceptible) and Nebuka (resistant) in soils that varied in degree of 
infestation. Steamed and field-infested soils were used as cheeks on in- 
fested soil that had been diluted with steamed soil and placed in separate 
compartments of a bench in the gTeenhouse. The dilutions were 1 : 10, 1 : 5, 
and 1:1 of infested with steamed soil. Seed was planted on March 24, 
1931 ; and final readings were made on May 26, ylien the plants were ap- 
proximatety 2 months old. 


TABLE 3. — Relative resistance to pvn’k root of NehuTca and Yellow Globe Danvers when 
grown in soil that varied in degree of infestation. Data from seedling plants in the greenhons6f 
1931. 


Soil infestation 

Variety 

Number 
of plants 

Percent- 
age free 
of pink 
root 

Percentage of plants infected 



Severely 

Moderately 

Slightly 

Total 

None 

Danvers 

2,519 

100.0 

0.0 

0.0 

0.0 

0.0 

(steamed soil) 

Nebuka 

369 

100.0 

0.0 

0.0 

0.0 

0.0 

1:10» 

Danvers 

2,601 

42.7 

1.9 

21.8 

33.6 

57.3 


Nebuka 

628 

89.1 

0.0 

0.0 

10,9 

10.9 

1:5 

Danvers 

1,647 

26.3 

7.9 

41.1 

24.7 

73.7 


Nebuka 

i 589 

85.2 

0.0 

0.0 

14.8 

14.8 

1:1 

Danvers 

, 2,270 

20.1 

22.1 

1 33.9 

j 23.9 

79.9 


Nebuka 

517 

72.3 

0.0 

i 0.6 1 

i 

1 27.1 

27.7 

1:0 

Danvers 

1,844 

9.4 ^ 

25.4 

1 : 

34.3 

30.9 

90.6 

(field infested) 

Nebuka 

584 

71.9 

0.0 

; 2.3 

1 

25.8 

28.1 


One jDart field-infested to 10 parts steamed soil. 


The results of this final test (Table 3) indicate further that Nebuka 
exhibited marked resistance to pink root under conditions made favorable 
for infection where the entire root system could be examined. Although 
only 71.9 per cent of the Nebuka plants were entirely disease-free when 
grown in field-infested soil, almost none of the plants was sufficiently in- 
fected to interfere wdth normal growdh. One should note that the per- 
centage of infection increased slightly with increased degree of soil infesta- 
tion. None of the Nebuka plants was severely infected; 1.4 were moder- 
ately and 17.3 per cent slightly infected. When compared with Yellow 
Globe Danvers, furthermore, Nebuka was markedly resistant to the pink 
root, regardless of the degree of soil infestation. 
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SUMMARY" 

Varieties of 6 species of Allium have been tested for resistance to onion 
pink root, caused by Fhoma terrestris. Allium fistulosicm (Nebuka type)^ 
A. parrum (leek), [(Giant Musselberg variety)], and A. sclioenoprasum 
(cliives) have proved extremely resistant. Allium sativum (gaidic), A. 
ascalonicum (shallot), and most varieties of A. cepa (common onion) are 
extremely susceptible, although the variety Sweet Spanish may be classed 
as moderately susceptible. 

Division of Truck Crops, 

Branch op the College of Agriculture, 

University" of California, Davis. 
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TUBERCULINA MAXIMA IN WESTERN NORTH AMERICA 

J . Lr . M I E L K E 1 

(Aceej^ted for publication May 16, 1932) 

INTRODUCTION 

The lilac fungus {Tiiberculina maxima Rost.) has long been known as 
a parasite of ivhite-pine blister rust {Cronartkim rihicola Dietr.) in Europe 
(8, p. 160; 11) and on that Continent appears to be widely distributed on 
this host (1, p. 252; 5; 10; 14; 18). Although it is known upon several of 
our native pitch-pine blister rusts {Cronartkim commandrae Pk. (16, 17), 
G. coleosporiodes (Diet. & Holw.) Arth., G. cerebrum Artli. & Kern (17), 
G, harknessii (Moore) Meinecke, C. stalactiforme Arth. & Kern (16), and 
G, quercus Schrt. (9, p. 12), it has not been reported on this Continent 
upon the white-pine blister rust (10), or upon G. comptoniae Arth., the 
sweet-fern blister rust of pitch pines. This paper reports, the discovery, 
distribution, and observed behavior of T. maxima upon these two rusts in 
western North America. 

DISCOVERY, HOSTS, AND DISTRIBUTION 

Ttiberculina maxima^ as a parasite of Cronartkim rihicola was first 
observed by J. S. Boyce, of the Division of Forest Pathology, on cankers 
on western white pine (Finns monticola D. Don). It was found on August 
18, 1926, at Daisy Lake, British Columbia. At this same place T. maxima 
was found on C. comptoniox> for the first time on April 25, 1931, when the 
writer collected it on cankers caused by this rust on lodgepole pine (P. con- 
torta Loud.) . This appears to be the first record of T. maxima on this host 
in North America. 

Following the discovery made by Boyce at Daisy Lake, B. C., in 1926, 
additional records of the occurrence of Tnhey^citlina maxima on Gronartium 
rihicola were made during the fall of that same year. The writer found it 
at another locality at Daisy Lake on October 16 and also at Braekendale, 
B. C., on October 18. H. G. Lachmund, of the Division of Forest Pathol- 
ogy, noted it at Owl Creek, B. C., on October 17. Since these observations, 

1 The writer wishes to express his gratitude to E. P. Meinecke, Principal Patholo- 
gist, Division of Forest Pathology, U. S. Bureau of Plant Industry, for his kind assis- 
tance in supplying some of the literature references and for translations of some of the 
foreign papers. 

2 This fungus was determined as Tuberculina maxima Rost, by Boyce, verified by 
J. R. Weir, and critically compared with European niaterial by C. von Tubeuf of Ger- 
many, who confirmed the previous deterrainations. 


299 


300 


Phytopathology 


[Yol. 23 

the parasite lias been noted in only one additional locality in the coastal 
section — near Little Blackwater Lake, a few miles west of D'Arcy, B. C., 
where it was found by the writer on June 19, 1930. 

The range of TubercuUna maxvraa on Cronartmm riUcola as now known 
is confined to a narrow strip of country bordering the line of the Pacific 
Great Eastern Kailway, beginning at Brackendale, B. C., about 30 miles 
north of Yanconver, and extending northward for about 60 miles to the 
vicinity of D’Arcy, B. C. Daisy Lake is about 13 miles and Owl Creek 
about 45 miles north of Brackendale.’^ On C. comptoniae the parasite has 
been found only at Daisy Lake. 

This comparatively limited distribution of TubercuUna maxima does 
not result from limited occurrence of these two western hosts. Cronariium 
rihicola was known to be widely distributed on Finns monticola in both the 
coastal and interior white-pine belts of British Columbia in 1923 (6). The 
present known range of this rust on western white pine is from near the 
northern tip of Yanconver Island in British Columbia to the central Cas- 
cade Mountain region of Oregon and from the Pacific Coast eastward 
nearly to Montana. The main range of C. comptoniae on P. contorfa in 
western North America as outlined by Lachmund (3) is from Prince 
Kupert, B. C., southward through the coastal region to the mouth of the 
Columbia Kiver in ^Yashington. The coastal portion of the range of C. 
ribicola on P. monticola’ is, therefore, fairly comparable to the main range 
of C, comptoniae on P. contort a. In this part of the country much inten- 
sive research has been conducted on C. rihicola during the past 10 years. 
Considering, therefore, the few localities at which T. maxima has been 
noted in this eonnection, it seems apparent that the occurrence of the para- 
site is decidedly limited relative to the range of these two rusts. 

PARASITE CONSIDERED INDIGENOUS TO THE REGION 

If the lilac fungus were introduced with the wdiit e-pine. blister rust into 
this region from Europe, one wmuld expect to find it associated at or near 
the point where the latter was introduced into western North America at 
Point Grey, near Vancouver, B. C., in 1910 (2). There is, however, no 
evidence to this effect. Several blister-rust investigators are known by the 

3 Since this paper went to Tuherculina maxima lias been found during the sum- 
mer on Cronartiim riMcola in the interior section of British Columbia and southward in 
the United States. The stations are as follow: Revelstoke, B. G., by E. L. Joy, U. S. D. 
A., Div. Blister Rust Control, Spokane, Wash., Arrow Park and near Rosebery, B. C., by 
members of the Div. Forest Pathology, IT. S. D, A., Portland, Oregon, and Newman Lake, 
Wash., by R, K. Pierson, IT. S. I). A., Biv. Blister Rust Control, Spokane, Wash. T, 
maxima was noted to be rare at all these localities except Arrow Park where it was fre- 
quently encountered. All localities are old blister-rust infection areas, the majority 
originating in 1923 and one (Revelstoke) as early as 1917 or 1918. 
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writer to have examined the infected pines at this original introduction 
point, and none of them reported the presence of TuhercuUna maxima. 
Furthermore, it has never been noted on infected pines anywhere else in 
the vicinity of Vancouver. On the other hand, there are good indications 
that the lilac fungus is indigenous to North America. As has been men- 
tioned, this parasite has been found abundant on Cronartium comptoniae 
on Finns contorta near Daisy Lake, B. C., and is known to occur in the 
United States on several other Cronartium species. 

BEHAVIOR OF TUBERCULINA MAXIMA IN BRITISH COLUMBIA 

The parasite attacks both pycnia and aecia of the white-pine blister rust. 
In British Columbia it has been observed that production of the aeciospores 
is greatly reduced when the aecia are attacked and that death of the bark 
over the cankered area often occurs in a few years. Eust-infeeted bark of 
stem cankers on trees 3 to 8 in. in diameter when parasitized may become 
noticeably constricted prior to death of affected parts. In Germany, 
Tubeuf (15) found by inoculations that Tuberculina maxima suppressed 
formation of aecia and repeatedly led to a dying of the bark. The writer 
has observed that on aecial fructifications the parasite commonly develops 
a tuberculate formation. 

In British Columbia pycnia may be attacked throughout the entire sea- 
sonal period of their production, which is generally from June to Septem- 
ber, inclusive. A canker parasitized during the first part of the season may 
produce pycnia all summer, but the new pycnia are generally attacked soon 
after their appearance. This attack on the pycnia no doubt reduces the 
volume of pycnospore production. Spaulding (10) observed that in Eu- 
rope the pycnospores are not produced in great abundance, partly because 
of the effect of Tuberculina maxima, which reduces locally their production 
in diseased bark. 

Sporulation of the parasite on the pycnial stage of the rust is very 
abundant under British Columbia conditions, particularly in summer dur- 
ing the main period of pycnial production. At this time, cankers have 
been observed with their pycnial area completely covered by a thick dust- 
like layer of the lilac-color spores — a phenomenon that has not been noted 
in like degree during the period of aeciospore production. A pycnial zone 
attacked one season usually fails to produce aecia the following year. 

All indications are that the pycnial fluid is the principal substratum for 
the growth and development of the lilac fungus. Field observations to 
this effect are borne out by the results of a study conducted at the sugges- 
tion of the writer by Professor H. P. Barss, Oregon State College, Corval- 
lis, Oregon. He found that an aqueous solution of the pycnial fluid was 
an excellent medium for the germination of TubercAilina maxima spores. 
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Tills apparent preference of the parasite for growth on pyciiia indicates 
that its effect on aecial production is indirect. Evidence substantiating 
this has been obtained. During the spring of the past yeaPj at the time 
aecial sporulation was in progress, specimens of TuhercuUna maxima were 
collected from a parasitized stem canker by shaving off portions of the in- 
fected bark with a knife. The cuts in the bark were not quite deep enough 
to remove the cambial layer. This same canker was examined about 
a month later, and T. maxima was then found to be sporulating profusely 
on portions of the cut surfaces. This seems to indicate that the parasite 
is not entirely superficial upon pycnia and aecia but that its mycelium in- 
vades the bark well beneath these fructifications on the surface. Other- 
wise, it would not have been able to sporulate so promptly when the outer 
bark was removed. If this is the ease, it may explain why a pycnial zone 
attacked one season usually fails to produce aecia the following year. It 
may also explain why the lilac fungus appears to be a factor in hastening 
the death of cankered bark, which usually remains alive and sporulating 
for 3 or 4 years in any particular canker zone after the first appearance of 
aecia. As has been mentioned, Tubeuf (15) found that cankered bark dies 
after invasion by T. maxima^ and this has been a common observation of 
the writer. 

Tuheretilina maxima has not been reported in Europe on the uredinia 
and telia of the white-pine blister rust on species of Kibes, ^ nor has it ever 
been observed on these stages of the rust in North America. 

Observations on tlie behavior of the lilac fungus on the sweetfern blis- 
ter rust were confined to the Daisy Lake area and were all made during the 
season of 1931. The data secured indicate that the action of the parasite 
on this rust is similar to that on the white-pine blister rust. It attacks 
both pycnia and aecia but sporulates in greatest abundance on the pycnia, 
which are produced during summer. The parasite does not appear to be 
generahj destructive to Cronartmm coynpioniae. 

IMPORTANCE IN THE CONTROL OF WHITE-PINE BLISTER RUST 

At present there is no evidence that under British Columbia conditions 
the lilac fungus can eifectively suppress the -white-pine blister rust. Com- 
paring the known extensive range of Cronartium rihicola with the limited 
area in which Tuherculma maxima occurs, it is apparent that the latter 
lacks aggressiveness and is very tardy in the invasion of this host. Exam- 
ples of this have been observed on several occasions. At three localities 
where the parasite was noted on a few cankers in 1926, no trace of it was 
found after a diligent search in 1931. During the intervening years it was 

4 Tiie genus Eibes is used in tRis paper to include both currants and gooseherries. 
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rarely in evidence at these same localities. At Owh Creek, however, wliere 
experiments in the control of blister rust by the lilac fungus. The mode 
the parasite was noted as common in 1926 and very common in the follow- 
ing years, it may still be frequently found, yet its presence has not re- 
sulted in measurable reduction of blister-rust attack. The first damage by 
blister rust to western white pines at this place W'as also noted in 1926, 
when a few flags (dead branches) could be seen on these trees in an other- 
wise healthy-appearing stand of white pine and Douglas fir reproduction 
in approximately equal representation. Today the stand is almost pure 
Douglas fir, practically all the pines having been killed by the rust in spite 
of the abundance of the parasite. In this case, even with T. maxima 
sporulating abundantly each year, not all of the aecia were parasitized and 
aeciospore production was sufficient to cause abundant annual infection of 
Eibes with a resultant continued infection and killing of the pines. The 
other localities where the lilac fungus has been found are some of the oldest 
and most severe pine-infection centers in this region, and yet in these places 
the parasite has barely managed to perpetuate itself. 

It is not uncommon to observe one tree of western white pine 
with numerous blister-rust infections, many of which are invaded by the 
parasite, while a few feet distant may be another similarly infected tree 
of about equal size on which no trace of the lilac fungus can be found. 
Also, on numerous occasions heavily infected pines have been observed with 
only one or two parasitized cankers. 

This sporadic occurrence and behavior of Talerculina maxima may in- 
dicate lack of virulence that, as compared with its more aggressive behavior 
as reported in Europe, suggests the possibility of different strains of the 
organism. If this be the ease, it still remains to be seen just how readily 
the European fungus would attack blister rust in this country. Experi- 
ments and investigations in Europe (4, 10, 12, 13, 14, 15), however, have 
apparently not resulted in successful control of the rust with the aid of the 
parasite, for, in spite of its presence, the destruction of white pines by the 
rust in that country has continued. Perhaps it might be suggested that 
the blister rust in "western North America is caused by a strain of Cronar- 
tium ribicola that is less susceptible to T. maxima than the common Euro- 
pean strain. No positive indication, however, of the existence of physio- 
logical strains of blister rust has ever been found (10) ; hence, it is unlikely 
that this is a factor in the behavior of the lilac fungus. It is far more 
probable that its erratic behavior is caused by environmental conditions 
unfavorable to its propagation and spread. 

Tuberculina maxima may offer some possibilities with respect to local 
eontrol of the rust. Bohmeder (7) states that good results have been ob- 
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tainecl ill several Swabiaii forest areas in controlling Cronartium rihicola 
by its natural enemy, T. maxima. Tnbenf (14) has reported successful 
of dissemination employed by tbe latter consisted of collecting the lilac- 
color spore dust of the parasite in a paper bag and transferring it to the 
aecia with the tip of a penknife. This procedure would, of course, be im- 
praeticable in extensive control operations such as are employed in this 
country. 

Tiibeuf (14) emphasizes that never are all white pines killed by the rust 
nor are all rust foci destroyed by Tuherculina maxima and that one may 
speak only of reduction, not of eradication. The writer knows of no in- 
stance of successful biological control of an active fungous parasite of 
plants. It appears, therefore, that little hope may be held for T, maxima 
as an important factor in the general control of Cronartium rihicola in this 
country. 

SUMMARY 

The lilac fungus {Tiiberculina maxima)^ a parasite of the pycnia and 
aecia of several pine rusts, is repox'ted for the first time in Nox'th America 
on Cronartium rihicola and on 0. comptoniae. 

The known distribution of the parasite on C. rihicola is limited to two 
small areas in British Columbia— one in the coastal and the other in the 
interior region — and to one locality in northeastern Washington. On C. 
comptoniae the parasite has been found only at Daisy Lake, B. C., in the 
coastal region. 

There is no evidence that T. maxima was introduced into this country 
with the introduction of G. rihicola to western North America. There is 
evidence, however, that it is indigenous, probably on one or all of its native 
pitch-pine blister-rust hosts. 

The parasite has never become generally destructive to either C. rihicola 
or C. comptoniae. It is not considered an important factor in reducing 
aeeial sporulation or in controlling C. rihicola. 

Division of Forest Pathology, 

Bureau of Plant Industry, 

Portland, Oregon. 
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ASPERGILLUS SCLEROTIORUM, N. SP., AND ITS RELATION 
TO DECAY OP APPLES! 

G . A . Hub EK 

(Accepted for publication May 18, 1932) 

Prom 1926 to 1929 11 forms of Aspergillus were isolated by tlie writer 
from tlie surface of normal apples (5). Seven of these were found capa- 
ble of causing decay on apples in common storage; none, how eveiy caused 
decay in cold storage (0°-2° C.)* Several species of Aspergillus have been 
isolated by other investigators (2, 3, 4, 7) from common storage and market 
apples, but none has been reported to cause decay in cold storage. Brooks 
and Cooley (1) found that apples inoculated with Aspergillus niger 
(Cram.) v. Tiegh., kept in the laboratory for 1 week after inoculation and 
then placed in cold storage, decayed. Apples, similarly treated and placed 
in cold storage immediately after inoculation, did not decay. In explana- 
tion of these results, they state that ‘^all or nearly all of the rot was pro- 
duced before the fruit was cooled.” 

Since 1929 3 additional forms of Aspergillus have been isolated by the 
writer from the surface of normal apples. Only one of these forms proved 
pathogenic on apples, causing decay at both common and cold-storage tem- 
peratures. When sound, ripe Jonathan apples ^vere inoculated with myce- 
lium and spores of this species and immediately placed in cold storage, a 
distinct decay wms produced. This organism is presented here as a new 
species belonging to the A. ochracetis group, sulphur eiis series (9). The 
following description was made from cultures growing on Czapek’s solu- 
tion agar, as used by Thom and Church (9) : 

Aspergillus sclerotiorum, n. sp. 

Colonies (Fig. 1, A) white at hrst, becoming sulphur yellow (Ridgway, 
PL V, 25) (8) with the maturing of the conidial heads and thickly seeded 
with light selerotia; growth slow, reaching a diameter of 35 mm. in 10 days 
at 25° C. ; reverse cream color. Conidial heads (Fig. 1, C, D) varying in 
the same colony from hemispherical to columnar, more or less loose, com- 
monly splitting into 2 or more divergent columns, varying in size up to 
140 (i wide with the hemispherical heads and up to 250 p long by 140 p 
wide with the coliimnar heads. Stalks light yellow’^, pitted, up to 1,200 p 
long by 6p to 12 wide, slightly increasing in width toward the conidial 
heads. Vesicles globose to flask-shape, up to 40 p in diameter. Sterig- 

ipublisliecl as Seto I^aper No. 202, College of Agneulture and Experiment 

station, State College o£ Washington. 
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Fig. 1. Aspergillus sclerotiorum. A. Plate culture on Czapek’s solution agar in- 
cubated at 25® C. for 12 days. B. Gross section of Jonatlxan apple, showing type of 
decay. C and D. Photomicrographs, showing hemispherical and eolunuiar conidial 
heads, respectively, x 50. E. Carrot slice, showing abundant sclerotial development. 

mata in 2 series, primary and secondary, approximately equal in length, 
up to 8.5 p. Spores globose, smooth, 2 p to 3 p in diameter ; walls slightly 
tinged with yellow. Perithecia not found. Sclerotia abundant, first ap- 
pearing on cultures 3 days old, globose to subglobose, white at first, soon 
becoming light cream and then flesh pink (Kidgway, PL XIII, 5) (8), up 
to 1.5 mm. in diameter. 

On sterile carrot slices,^ mycelium white at first, turning pink with the 
beginning of sclerotial development. Conidial production sparse. Sclero- 
tial development very abundant (Fig. 1, E). 

2 Sliced carrots placed in Petri dishes on wet filter paper and sterilized iu an auto- 
clave for 20 minutes at 15 pounds ^pressure. 
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When inoculated (6) into sound, ripe Jonathan apples, the fungus pro- 
duced lesions 32-36 mm. in diameter in 28 days at 22-25° C. In 42 days 
the lesions had attained diameters of 42-46 mm. Held in storage at 6-8° 
C,, the fungus produced lesions 16-23 mm. in diameter in 42 days. At the 
end of 90 days the lesions had attained diameters of 28-38 mm. In cold 
storage (0-2° C.), it produced lesions 10-14 mm. in diameter in 120 days. 
The surfaces of the lesions were browm with a yellowush green tinge, 
slightly sunken, and tending toward concentric rings, which were very pro- 
nounced on the colored cheeks of the apples. The decayed tissue was dark 
tan, dry, and more or less spongy. The lesions generally had the form of 
flattened cones (Fig. 1, B), the diameter of the lesions exceeding the depth 
to which the decay penetrated, 

SUMMARY 

A new species of Aspergillus is described as belonging to the A. ochra- 
ceus gvovL’p, sulphur e/tis series. This organism, for which the name A. 
sclerotiorum is suggested, was found to be pathogenic on apples, causing 
decay both at ordinary and cold-storage temperatures. When inoculated 
into sound, ripe Jonathan apples it produced lesions 42-46 mm. in diame- 
ter in 42 days at 22-25° C. It produced lesions 28-38 mm. in diameter 
in 90 days at 6-8° C. and lesions 10-14 mm. in diameter in 120 days at 
0-2° C. 
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PHYTGPATHOLOGICAL NOTES 


Bacterium ciiciirhitae on cucumher. — In describing the bacterial leaf 
spot of squash {Bacterium cucuriitae) , the writer^ made the statement that 
this disease had not been found on eueumbers and that inoculations on this 
plant produced pin-point infections that did not develop further. Prasad,^ 
however, in 1931, reported finding in India a leaf spot of cucumber caused 
by an organism, which he proved to be pathogenic to cucumber and which 
he states is identical with Bact. cucurUtae in cultures. The spots are de- 
scribed as thin, brown, and water-soaked, and made conspicuous by a bright 
yellow halo. 

The disease has now been found on cucumber in the United States, 
though doing only minor damage. (Pig. 1, A.) Early in September, 1931, 

0. 0. Boyd^ eollected specimens in Bristol County, Massachusetts, which he 
forwarded to the writer with the following comment: '^Earlier in the season 
I saw no typical angular leaf spot on cucumber in that county. This spot 
on rather old vines just about through bearing, does not appear much like 
angular spot, yet bacteria flow out profusely from sections.” Isolations 
from five widely separated spots on these leaves produced only Bacterium 
cucurhitae. This organism was also isolated from Hubbard squash leaves 
from the same county; concerning its prevalence on squash, Boyd says:^ 

^ ' The latter leaf disease was to be found in every field I visited toward the 
end of the season and very severe in certain fields. ’ ^ It seems probable that 
here the disease spread from squash to cucumber. Inoculations have been 
produced on cucumber and squash with the isolations from the cucumber 
leaves, reisolations made, and infection again produced on cucumber. (Pig. 

1, B.) 

Lesions on cucumber may be round or somewhat angular. The thin, 
papery brown center has a reddish brown margin and may or may not be 
surrounded by a yellow halo. There is less tendency than in angular spot 
for the centers to tear out. The diseases are sufficiently similar, however, to 
make field identification difficult. Maey K. Bryan, Division of Horticul- 
tural Crops and Diseases, Bureau of Plant Industry, U. S. Department of 
Agriculture. 

1 Bryan, Mary K. Bacterial leaf spot of squash. Jour. Agr. Bes. AO: 385-391. 
1930. 

2 Prasad, Hari Har. A note on bacterial leaf spot of Kliira {Vimimis sat ivm), 

Indian Jour. Sei. 1: 289-290. 1931. 

3 By letter. 
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PiGr. 1. A. Cucumber leaf collected in Massachusetts from which Bacterium 
cucurhUae was isolated. B. Cucumber leaves from a young plant sprayed with the isola- 
tion from leaf shown in A:. 
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CMouniber Mosaic on Tobacco in Wisconsin . — ^Natural field mfection of 
tobacco witli tlie encumber-mosaic virus has previously been known to occur 
in small percentages in different States. In 1932, field observations of 
mosaic symptoms on tobacco in "Wisconsin suggested the widespread occur- 
rence of the cucumber-mosaic virus on this host. In order to verify this 
observation, samples from 60 tobacco plants, representing 25 fields in vari- 
ous parts of the State, were selected and tested by inoculation to young 
greenhouse plants. Twenty-six plants yielded typical cucumber-mosaic 
virus; 21 yielded ordinary tobacco-mosaic virus; and in 13 cases the speeifie 
virus was apparently neither of the above but was not definitely identified. 
Plants that yielded ordinary tobacco-mosaic virus may in some instances 
have contained cucumber-mosaic virus also, since no separation of possible 
combinations was attempted. In one station field at Madison, about 30 per 
cent of the plants were affected with cucumber mosaic and a high percentage 
with ordinary tobacco mosaic. Judging from the symptoms manifested, 
cucumber mosaic was present in still higher percentages in parts of other 
fields in the State. More limited observations and inoeulations indicated a 
similar situation with respect to mosaic on tomato. It was evident that cu- 
cumber mosaic was occurring in epidemic form on tobacco in 1932 in Wis- 
consin. On the basis of field observations in past years, it is believed that 
the occurrence of this disease on tobacco in epidemic form is unusual. The 
mode of transmission in this particular epidemic was not determined. 
Should cucumber mosaic occur regularly on tobacco in association with ordi- 
nary tobacco mosaic, control measures will naturally be complicated. — 
James Johnson, Wisconsin Agricultural Experiment Station and U. S. De- 
partment of Agriculture. 
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Insects and Diseases of Ornamental Trees and Shrubs. By E. P. Pelt 
and W. H. Rankin. xix + SOT pp., 243 %s. The Macmillan Co., New 
York. 1932. 

In this volume the authors have presented a combined revision of their 
former books, ^‘Manual of Tree and Shrub Insects^’, by E. P. Pelt, and 
“Manual of Tree Diseases^’, by A¥. H. Rankin. Some portions have been 
rewritten with additions of more up-to-date information, but much of the 
subject matter is simply a reorganization of the previous books. The 
volume is one of “The Rural Science Series’’ and is therefore of a semi- 
popular nature. Since plant pathologists will be interested particularly in 
the presentation of the diseases, this review will be concerned chiefly with 
that phase of the volume. 

The book is divided into 2 parts, the first designated as ‘ ‘ General : in- 
sects, fungi, injuries and treatments”. There are 4 chapters in this sec- 
tion, covering 131 pages. The first chapter, of some 38 pages, deals with 
“Insects and their depredations”. The second chapter, conforming with 
this first heading, is entitled “Pungi and their depredations”. The 60 
pages of the chapter are devoted to brief discussions of the following sub- 
jects — How the organism causes diseases; Diseases common to all trees^ — ^in- 
cluding leaf spots, powdery mildews, sooty molds, leaf cast of conifers, slime 
flux, lichen injury, mistletoe parasites, and the control measures in each 
ease; Wood decay and root diseases, including heartwood decays, wound 
decay, basal decay and root diseases; Wounds and eavities in deciduous 
trees with treatments. Although much of this material was contained in 
the earlier “Manual of Tree Diseases”, the concise description of the 
manner in which infection takes place and the relation of factors of en- 
vironment will be a welcome addition for the general reader. The last 
subject in the chapter— wounds and cavities with treatments — ^is new mate- 
rial and takes the place of the chapter on “Tree Surgery” in the earlier 
“Manual”. However, the author does not recommend that the tree owner 
undertake the treatment of wounds but emphasizes his belief that ‘ ‘ Such 
work, as well as the more intricate methods of treating cavities, must be 
done by those with experience, the proper tools and accredited training in 
definite methods.” He states briefly the principles underlying wound treat- 
ment and outlines the various processes of cavity treatment used in the 
past. Air discussion of specific materials and equipment for cavity filling 
is omitted, and the reader is not referred elsewhere for such information. 

Chapter III, entitled “Insecticides and Fungicides”, describes Bor- 
deaux, lime-sulphur and sulphur dust or spray. In the 3 paragraphs de- 
voted to “Spraying Apparatus” the qualifications of a satisfactory appa- 
ratus are given, but undue emphasis has been placed on the difficulties in- 
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volved in the process of spraying, so that tree owners or gardeners would 
hesitate to undertake it themselves. In fact, the authors state that it re- 
quires expert knowledge to determine the proper time for spraying and 
that only well-qualified men should he intrusted with such work. It is 
evident that the hook is written from the standpoint of the commercial 
arborist, who is not interested in explaining to amateur gardeners how to 
carry out the control measures themselves. 

In juries other than those caused by organisms’^ are described in the 
20 pages of Chapter IV. The first three headings — Root injuries, Body 
and branch injuries, and Leaf injuries — cover general discussions of the 
relation of environmental factors to the health of the various parts of the 
tree. These are followed by the descriptions of specific injuries in much 
the same manner as in the Manual”' with headings: — ^In juries due to 
water relations,* Freezing injuries; G-as and smoke injuries; and Electrical 
injuries. 

Part II is devoted to an account of specific insects and diseases that 
attack ornamental trees and shrubs. The arrangement is according to the 
alphabetical listing of about 70 generic hosts, each genus being designated 
by its common English name. In a few cases, the separation of species of 
a generic host is made when the common names of the species differ, for 
example, azalea and rhododendron, buckeye and horse chestnut, cherry and 
plum. About 40 of the hosts are additions to the list in the Manual” 
and include ornamental fruit trees and shrubs. Insect pests are described 
for all of these new hosts, but diseases are mentioned for only half of them. 
For many hosts the discussion of diseases and insects conforms to a definite 
arrangement with paragraph headings: — Insects attacking leaves; Leaf dis- 
eases ; Insects attacking twigs and bark ; Diseases of twigs and bark ; Insects 
of trunk and wood ; Diseases of trunk, wood and roots. Unfortunately, this 
arrangement cannot be consistently maintained, since for some of the hosts 
very few diseases have ever been reported. In a few cases, however, there 
is no apparent reason for the digression from the general scheme. Usually, 
each disease is described in a concise paragraph, including distribution, 
causal fungus, symptoms, and control. In most cases, the first word or 
words of a paragraph indicate the common name of the disease to be de- 
scribed. Here, again, there is frequently a digression from this scheme, 
sufficient to cause confusion in locating readily a particular disease. The 
less important diseases are sometimes grouped in one paragraph with a few 
sentences devoted to each disease. Unless one knows the name of the causal 
organism, it is difficult to locate the description of any particular disease. 
For example, 5 apple cankers are described in 1 paragraph covering 2 pages 
with only the fungus names in italics to distinguish them readily. A very 
complete index, however, tends to counteract the difficulties of the arrange- 
ment. 
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The book, as the authors state in the preface, does not represent the 
final word/’ but a summation of available information to date.” On 
the whole, a careful selection of the most common diseases has been made, 
including those that have not yet been satisfactorily studied but that have 
already given indieation of their importance. In the eases of some of the 
shrubs, ho'wever, brief mention of a few other common diseases might have 
been included, such as the milde^v of crape myrtle, leaf spots of holly and 
of English ivy. The omission of such mention gives an erroneous impres- 
sion that no diseases have been reported on these hosts. 

The most regrettable change from the earlier Manual” is the complete 
elimination of a bibliography. This seems particularly unfortunate in con- 
nection with those diseases that have been recently reported or in which the 
causal organisms have not yet been discovered. Undoubtedly, the value of 
the book for readers familiar with fungi and for students of plant pathology 
is considerably lessened by this omission, since additional information will 
be desired to supplement the brief descriptions and to clarify vague state- 
ments. The book is intended primarily for those unacquainted with the 
technical aspects of tree diseases but interested only in finding out what is 
the cause of certain symptoms of disease. For this purpose the information 
is adequate and the book is an acceptable addition to the ^‘Eural Science 
Series”.— Alma M. Waterman^ Division of Forest Pathology, Bureau of 
Plant Jndustry, in cooperation with Brown University, Providence, R. I. 

Shear, C. L., Neil E. Stevens, and Henry F. Bain. Fungous Diseases 
of the Cultivated Cranberry. U. S. Dept. Agr. Tech. Bui. 258 : 1-56 pp. 
4pL (2 col.pL),35fig. 1931. 

To consider in the category of a book a bulletin, regardless of the source, 
may seem somewhat out of place ; yet, when that bulletin is a plant-disease 
monograph, it changes from a run-of-the-mill publication of scientific re- 
search and becomes a reference work. Hence, the publication by the United 
States Department of Agriculture of ‘^Fungous Diseases of the Cultivated 
Cranberry,” by C. L. Shear, Neil E. Stevens, and Henry F. Bain, is of espe- 
cial moment. 

About 3 years ago, it was my pleasure and privilege to chronicle the 
advent of Harter and Weimer’s '‘A Monographic Study of the Diseases of 
Sweet Potatoes and their Control,” the first of such publications to be 
issued by any organization. Now, it is my good fortune to call the atten- 
tion of plant pathologists and mycologists to a similar monograph, similar, 
however, in that it is a monographic treatment of diseases. Where Harter 
and Weimer devoted their space principally to the several diseases as con- 
ditions that demand prophylactic and other treatment, the present authors 
consider diseases more in the light of their causal organisms. In fact, 39 
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of the few more than 50 pages of text are deyoted to the taxonomy and 
physiology of the rot-producing fungi. 

Whether the discussion is of important rot fungi, fungi causing diseases 
of cranberry vines, or cranberry fungi of minor importance, the general 
treatment, taxonomically, is the same, for an example of which the treat- 
ment of storage-rotter Diaporthe vaccinii rnhy be cited : Synonymy, pyc- 
nidia, perithecia, type specimen, cultural characters on artificial media, 
hosts, geographical distribution, genetic relationship between Phomopsis 
and Biaporthe, pathological relations. 

Into the physiology of the rot fungi the authors have delved at some 
length, taking up in order time of infection, dissemination by water, aridity 
relations, temperature relations, relative abundance of cranberry fungi in 
different regions (with considerations of the field rots, relative importance 
of different fungi as the cause of storage rots, and succession of fungi in 
storage), climates of different cranberry sections in relation to the abun- 
dance of various fungi (including a discussion of the factors bearing on 
sterile breakdown), and the relation betM^'cen growing-season weather and 
keeping quality of the cranberry crop in Massachusetts. 

The control of the fungous diseases of cranberries is discussed under the 
headings of vine diseases and cranberry fruit rots. In the former case, in- 
dividual diseases — fairy ring, red gall, ro-se bloom, red leaf spot, black spot, 
hard rot (cotton ball) and tip blight^ — are briefly treated, as they *^are field 
diseases and may fairly be classed as minor troubles.^' 

With fruit rots, however, it is another story, and the authors go into 
some detail regarding the control of these diseases, first pointing out the 
differences in climate, cultural conditions, varieties, and marketing policy 
in the several cranberry-growing regions, which are of significance in con- 
trol measures. As to actual measures for control, spraying with Bordeaux 
4r-4~4-50 (the being commercial fish-oil soap) is but one of 6 headings 
under which control measures are advocated, the other 5 being bog manage- 
ment, harvesting methods, handling methods, storage, and marketing the 
crop. 

Synonyms for names of host plants, a '^Literature cited'" of 86 titles, 
and an index to fungi are given. 

Small in size, this cranberry-disease monograph is great in its make-up 
and usefulness. Any one who has had occasion to search the literature on 
any subject whatever well realizes the flagrant lack of adequate compedia. 
In sponsoring the sweet-potato- and cranberry-disease monographs, the 
United States Department of Agriculture has performed a gracious act 
for which pathologists, regardless of where they may be, should be duly 
thankful. 

No less appreciative of Messrs. Shear, Stevens, and Bain should be their 
fellow workers, for they have issued a work that may well serve as a model 
for later efforts. — W. A. Whitney, Washington, D. C. 
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Acta Fhmnologicay an international bimontlily journal of phenology- 
sponsored by the NederlandscJie Phaenologische Yereeniging, and published 
by Martinus Nijhoff, The Hague. Beginning with the year 1932. 

Adding another outlet of publication to the already oversupplied field 
of natural science is a task that may be approached with fear and trembling. 
However, there are branches of research that up to the present time are 
without an adequate organ for the dissemination of their results: a journal 
that will be particularly adapted for and devoted primarily to a restricted 
field. Accordingly, Acta Phaenologica is welcomed into the family of sci- 
entific publications. 

Sponsored by the N ederlandsche Phaenologische V ereeniging under the 
secretarial supervision of Dr. H. Bos of that institution, the Acta appears 
as a bimonthly record of phenological research, open to any worker whether 
or not affiliated with the Dutch society. 

In offering the initial number, the editor outlines his policy : 

The periodical will welcome articles of different character and substance. 
Several will be original works . , . others less detailed. . . . We will insert also 
summaries of articles which have appeared elsewhere, either in other peri- 
odicals or in books. . . . We shall attempt to give also bibliographical bulle- 
tins, including the appearing of annual phenological reports. . . . Moreover, 
we intend to announce problems which call for general collaboration, obser- 
vation, methods of operating, and notation. We shall welcome questions 
and answers, personalia,^’ desiderata, offers regarding the borrowing and 
exchanging of objects, manuscripts, books, statistics, etc., and finally sug- 
gestions, concerning the form, editorship, and organization proper, on con- 
dition that discussion of these last points be deferred until after completion 
of the first volume. 

Naturally with so wide a scope and purpose, the happy culmination of 
the sponsor’s dream is more than ordinarily dependent upon the whole- 
hearted cooperation of all interested parties. So worthy a publication 
should surely receive support, and I, in the editor’s language, heartily ‘‘urge 
everyone who is eonvineed of the necessity of a consolidation of phenological 
material to subscribe immediately, so that the publisher, at the end of the 
trial-period of three years, need not be obliged to discontinue the publica- 
tion, and we express the hope that at the end of this period the new journal 
may be firmly established.” 

The first number of the Acta Phaenologica is one of 40 pages, of which 9 
and a fraction are taken by the editor’s introduction, with French and 
German renditions of the English. Dr. H. Bos outlines the ‘^Begrif und 
ZuJctinft der Phaenologie'' {pp. 11-22). ''The Cold Spring of 1929 in the 
British Isles. I. Reaction by Insects and Birds,” by J. Edmund Clarke, 
comprises pages 23 to 28. S. Illiehevsky of the Union of Soviet Socialist 
Republics describes "The Results of the Phenological Observations at 
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Poltava’’ (p. 29-37). In a sliort note J. C. Pfeiffer reports on ^‘Pliaeno- 
logie et Mmivaises Eerhes^^ (p. 38). Tlie last 2 pages (39 and 40) are 
taken np witli an author abstract of B. Hiltner’s PMnologie iind ihre 
BedeicUmg fiir die Klimatische Behandlung der PollenaUergie^^ in Gut- 
man’s ^^Die Pollenallergie; Heuschnupfenj Heufieler, HetmsthmaP’ 

In format the Acta Phaenologica presents a creditable appearance, its 
type-page, 6 J x 4| inches, a clear type face, and a not-too-glossy paper com- 
bining to make a page very easily read. Though without half-tones or cuts 
of any kind, there seems to be no reason why the illustrations of later num- 
bers should not be well reproduced, of course, vuth the natural proviso that 
the originals are worthy. 

Of particular interest and importance are the language requireinents— 
or lack of them — -in the journal. Articles are accepted when written in 
English, French, or German, provided summaries in the other two languages 
also are submitted. This requirement might well be copied in other jour- 
nals of ‘international” character. Such summaries will add immensely to 
the use of the journal in every land, offering to the unilingual scientist 
(and, in spite of language requirements in advanced university training, 
there are many of them!) a wider acquaintance with the literature. 

Whether the Acta Phaenologica fills an essential gap in scientific peri- 
odicals or whether the papers within the scope of the journal might as fit- 
tingly — if not actually more so — ;be printed in a publication more closely 
. allied to the subject whose climatic relations are discussed is a moot question, 
the definite answer to which must of necessity be determined by the indi- 
vidual author as each case arises. For example, a paper treating of the 
epidemiology of Collet otrichttm lindemuthianum might better be issued in 
PHYTOPATHOLOGY or some other phytopathological journal, thus 
reaching an audience having somewhat more than an academic interest 
in the phenological phenomena presented. 

On the other hand, however, there are papers whose theme and treat- 
ment are phenological first, with other considerations coming later. For 
such papers there has been no logical place in which to publish. Because 
of this, it is not to be inferred by the previous statement that the Acta 
Phaenologica is superfluous: it most decidedly is not, and, complementing 
other journals, it closes the hiatus in the literature sources between natural 
sciences per se, on the one hand, and pure meteorology, on the other. 

In recent years the consideration of the relation of weather to the occur- 
rence of plant phenomena in general and diseases in particular has come 
increasingly to the fore, yet, despite these advances, especially in the epi- 
demiology of cereal rusts that have been made, the potentialities of the field 
are as yet unrealized. The appearance of the Acta Phaenologica can not 
fail to further the advances in its line by furnishing not only a logical but 
a highly eommendable place for publication,— W. A. Whitney, Washing- 
ton, D. C. 
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INTRODUCTION 

Within the past 15 years the potato has been shown to be subject to 
many different virus diseases. That some of these, however, might be 
due to a complex of 2 or more distinct viruses has been recognized for some 
time. Recent investigations showing that some potato viruses are trans- 
missible to related host plants have stimulated closer attention to the viruses 
themselves as distinct entities. Additional methods for separating plant * 
viruses have enabled a more careful scrutiny of the potato-virus diseases 
for possible virus combinations, which may occur in nature as typical dis- 
eases. Potato rugose mosaic, especially, was a source of considerable specu- 
lation relative to its nature and behavior. This disease is so constituted 
that it is almost as obscure as any infectious disease with which plants are 
affected. The nature of the disease has, therefore, come to light only very 
gradually through the contributions of several different workers. The 
present investigation of rugose mosaic was started, and its dual nature estab- 
lished, before it was known that other workers had arrived at and published 
similar conclusions. Several phases were in need of clarification, however, 
and with this object in view the problem was expanded and continued, the 
results of which are here presented. 

REVIEW OF LITERATURE 

Atanasoff ’s (3) review of early descriptions of potato diseases of the 
type that are now believed to have been of virus origin indicates that this 
group of maladies has been recognized for some time. As far as can be 
clearly established from the literature, however, the conception of the virus 
nature of these potato diseases was first developed in 1914 by Orton (13 ) 
and Appel (2). It remained, however, for Schultz, Folsom, Hildebrandt, 

1 Published with the approval of the Lireetor of the Wisconsin Agricultural Experi- 
ment Station. 

The writer wishes to acknowledge his indebtedness to Dr. James Johnson for the 
opportunity to conduct these investigations under his direction and in his laboratory. 
He wishes to express his appreciation to Prof. H. E. Wilson, who has made possible the 
carrying on of this work. 
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and Hawkins (20) in 1919 to prove conclusively the relation of viruses to 
potato degeneration diseases. It soon became evident to Schultz and his 
coworkers (19) and almost simultaneously to Murphy (12) in Ireland and 
Quanjer (15) in Holland that several different viruses were concerned in 
these obscure potato maladies. 

What may be termed the second period in the potato-virus problem 
became a study of the symptomatology of the diseases themselves, to which 
many investigators contributed. The particular disease with which we are 
concerned in this paper was named rugose mosaic by Schultz and Folsom 
(19) and was described as follows: ''More infectious than 'mild mosaic’ 
and differentiated by distinct dwarfing, more chlorosis and diffuse mottling, 
a more rugose type of wrinkling, and a tendency to show brittleness, spot- 
ting, streaking, leaf-dropping and premature death. Tuber symptoms are 
a marked reduction in size.” What is probably the same disease was called 
crinkle by Murphy (11) and Quanjer (14). 

The third period of development, regarding rugose mosaic, may be said 
to have started in 1925 when Johnson (7) demonstrated the presence of a 
virus in all apparently healthy potatoes of most standard American varie- 
ties. This virus known as the mottle virus was, however, sometimes asso- 
ciated in apparently healthy potatoes with what appeared on the basis of 
symptoms to be another virus, named by Johnson ring-spot (7) . Johnson’s 
results indicated that the mottle virus could be increased in virulence by 
passage through tobacco, producing a "spot-necrosis” disease of tobacco 
and a severe disease of potatoes. This spo-t-necrosis of tobacco was later 
recognized by him (9) to be identical with potato rugose mosaic. 

It was at this point that the writer (10) took up the studies in Johnson’s 
laboratory and showed definitely that there were actually 2 distinct viruses 
concerned in rugose mosaic of potato or spot-neerosis of tobacco, the one 
being the mottle virus present in apparently healthy potatoes and the other 
an insect-transmitted virus. 

However, it soon became evident that, prior to the writer’s studies, 
K. M. Smith (21), in England, had worked along the same lines with a 
disease referred to as potato mosaic, although he did not recognize the dual 
nature of this disease until 1931 (22). 

Yalleau and Johnson (23), of Kentucky, working at about the same 
time as Smith, claimed to have separated the 2 viruses producing rugose 
mosaic through the medium of nitrogen-starved tobacco plants and that the 
2 viruses were found independently in nature. They recognized one of 
these to be the same as Smith’s insect-transmitted virus., although they 
apparently did not carry on experiments in aphid transmission. Smith 
did not apply a satisfaetory name to h insect-transmitted virus, and, as 
Yalleau and Johnson applied the name veinbanding virus, to this entity, 
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the use of this name may serve as well as any other, unless questions of 
priority in nomenclature arise. 

The recent related work of others, such as that of Salaman (17, 18) and 
Quanjer (16), should also be taken into consideration. The puzzling 
potato-virus eombinations and their differentiation are given extensive 
consideration, but, until more is known about the identity of the particular 
viruses used by different workers, it is not easy to correlate their work with 
that of others on the basis of published results only. 

EXPERIMENTAL METHODS 

The experiments on potato rugose mosaic were conducted under green- 
house conditions during the fall, winter, and spring months, as the envi- 
ronment and other conditions of the experiments can be more carefully con- 
trolled than in the field. Two greenhouses, one running at a lower tem- 
perature (17-22° C.) and one at a higher (27-32° C.), were available for 
the work. 

The Bliss Triumph variety of potato was used in almost all experiments 
as the standard stock. The tubers were from indexed stocks, essentially 
free from the common virus diseases, though they all carried the mottle 
virus, normally present in apparently healthy American potatoes. The 
potatoes were grown in the cool house in rich compost soil and produced 
short, stocky, vigorous plants used for inoculation purposes. 

The Connecticut Havana No. 38 strain of tobacco was used as the 
standard variety in all experiments. The plants were grown in the warm 
greenhouse, where the symptoms were produced more readily than in the 
cool house. Other solanaceous hosts were also grown in the high-tempera- 
ture house. The tobacco was grown in new compost soil in 4-in, pots. To 
insure against any virus contamination from the pots themselves, they were 
previously steam-sterilized. The greenhouses were fumigated once a week 
to guard against aphid infestation. 

The inoculum was obtained by crushing foliage of infected plants^ in a 
small sterile mortar, then straining the juice through cheesecloth. The 
potato plants were inoculated, when 2 to 5 in. high, by rubbing the upper 
surfaces of 3 young leaflets with a small piece of cheesecloth soaked in the 
prepared inoculum. A combination of the rubbing and pricking methods 
was used for inoculating the tobaceo plants. This was done with a sterile 
needle, wrapped at the end with a wad of absorbent cotton to aid in carry- 
ing the inoculum, by pricking the 2 oldest leaves of the plant several times 
along the midrib and then rubbing or wiping the entire upper surface of 
the 2 leaves with the same needle. Other solanaceous hosts, excluding the 
potato, were inoculated and treated in the same manner as were the tobacco 
plants. 
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For insect-transmission experiments, the peach aphid, Myzus persicae 
Snlz., and the green potato aphid, Macrosiphum solanifolii Ashmead, were 
used as vectors. The green potato aphids were colonized upon young 
potato plants, while the peach aphids were colonized upon cabbage plants, 
suitable hosts for the aphids. As has been shown by Smith (22), as well 
as by our own trials, the aphids do not transmit the mottle or ring-spot 
viruses from potato, and there is no reason to believe that cabbage is sus- 
ceptible to any of the viruses used. The method followed in these experi- 
ments was similar to that used by Hoggan (6). 

The properties of the viruses were determined by using the methods 
employed by Allard (1) and Johnson (8). The inoculum used in these 
studies was obtained from infected tobacco plants. 

EXPERIMENTAL RESULTS 

Separation of ike Viruses Causing Bug ose Mosaic. The transmission 
of rugose mosaic (Fig. 1, B) by aphids was first reported by Schultz and 


Pig. 1. Bliss TriumiDh variety of potato. A. Noninoeulated control. B. Affected 
by rugose mosaic. 
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Folsom (19), who obtained apparent transmission of this disease by aphids 
from potato to potato. In the present investigation the writer also has 
readily obtained apparent transmission of this disease from potato to potato 
by means of the aphids Myzus perdcae and Macrosiphum solanifolii 
(Table 1). Apparent transmission of the disease to potato was obtained 

TABLE 1. — -Summarised results comparmg aphid and artificial transmission of potato 
rugose mosaic to potato and tobacco 






No. developing 

Uninoeulated 




No. of 

symptoms of 

controls 

Host 

inocu- 

lated 

Source 

of 

inoculum 






Inoculation 

by 

plants 

inocu- 

lated 

Eugose 

mosaic 

Vein- 

banding 

only 

No. of 

No. devel. 



or spot- 
necrosis 

plants ; 

symptoms 



Plant 








extract 

15 

18 

0 

5 

0 


Bugose 








mosaic 

Kysus 


- 





on 

persicae 

93 

57 

0 

90 

0 

Potato 

potato 

Macrosiphum 







solanifolii ... 

95 

25 


90 

0 


Spot- 

Plant 







extract 

40 

33 

0 

25 

0 


necrosis 








on 

tobacco 

Mysus 
persicae 

26 

19 

0 

20 

0 



Plant 








extract 

60 

45 

0 

10 

0 


Eugose 








mosaic 

Myzus 







on 

persicae 

29 

0 

27 

1 ' 25 

0 


potato 







Tobacco 


Macrosiphum 
solanifolii ... 

38 

0 

23 

1 • 35 

1 

0 


Spot- 

Plant 

extract 

60 

59 

0 

,25 ' 

0 


necrosis 







on 

tobacco 

Myzus 
persicae 

35 

0 

35 

30 

0 


also from tobaeeo by means of Myzus perdcae. However, when an attempt 
was made to transmit rugose mosaic by means of aphids to tobacco, from 
either potato or tobacco, none of the aphid-infested tobaeeo plants developed 
symptoms of spot-necrosis (Table 1). These plants, however, were abnor- 
mal. They developed faint symptoms of another type, which appeared 
mainly as a clearing of the veins and a general flattening of the plants. 
Such symptoms were characteristic of all tobacco plants similarly infested 
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Fig. 2, Comparison of symptoms produced on tobacco by mottle and yeinbanding 
virnses. A. Mottle. B. Spot-necrosis prodneed by a mixture of the two viruses. 
0. Control. D. Veinbanding. 
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These experiments suggested that 2 distinct viruses might be associated 
with the disease, both of which are readily transmissible by artificial meth- 
ods, while only one of them is transmitted by aphids, i.e., the veinbanding 
virus. That the other is the mottle virus (Fig. 2, A), normally present in 
apparently healthy potatoes, was suggested by Johnson’s earlier work on 
this virus (7, 9). 

The veinbanding virus proved readily transmissible from tobacco to 
tobacco both by aphids and by plant extract (Table 2). That this virus 

TABLE 2.' — Summary of results on transmission of the veinhanding vi'rus to tohacco 


Inoculation by 

Source of inoculum 

No. of plants 
inoculated 

No. of plants 
showing vein- 
banding symptoms 


Apparently healthy 
potatoes 

80 

0 

Plant extract 

Veinbanding on to- 
bacco 

100 

100 

Apbids 

Apparently healthy 
potatoes 

20 

0 

(Myzus persicae) 

Veinbanding on to- 
bacco 

17 

14 


was not present in the apparently healthy potatoes used in the experiments 
was shown hy the fact that it was not recovered from such potatoes by 
either method of transfer (Table 2). Failure of the aphids to transmit the 
mottle virus, either from potato or tobacco, is shown in table 3. As shown 


TABLE 3. — Summary of results on transmission of the mottle virus to tobacco 


Inoculation by 

Source of inoculum 

No. of plants 
inoculated 

No. of plants 
showing mottle 
symptoms 

Plant extract 

Apparently healthy 
potatoes 

80 

■'75 


Mottle on tobacco 

75 

■74 ■ 

Aphids 

Apparently healthy 
potatoes 

20 

0 

(MyztLS persicae) 

Mottle on tobacco...... 

35 

0 


in the table, however, this virus may readily be obtained on tobaeco free 
from the veinbanding virus by artificial inoculation of extract from appar- 
ently healthy potatoes. 
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RecmnMnation of the Viruses Causing Rugose Mosaic, Since 2 distinct 
viruses, wliieh can be maintained separately in tobacco, were obtained from 
riigose mosaic plants, the next step was to recombine them in tobacco to 
determine whether spot-necrosis (rugose mosaic) would then develop. 
Three series of tobacco plants were, therefore, inoculated with different 
methods of combination of the veinbanding and mottle viruses. As shown 
in table 4, all tobacco plants inoculated with these mixtures developed spot- 


TABHE 4. — S^/mptoms developing on tobacco as a result of artificial inoculatmi 
wiiJi the mottle virus and the veinbanding virus y separately and in combination 



No. of 


Symptoms 


Viruses . 

plants 

inoeulated 

Mottle 

Veinband- 

ing 

Spot- 

necrosis 

Mottle 

15 

15 

0 

0 

Yeinbandiiig 

15 

0 

15 

0 

Veinbanding and, mot- 
tle viruses inoeulated 
separately to each 
plant 

25 

. 

0 

0 

25 

Veinbanding and mot- 
tle viruses combined 
before inoculation 

20 

0 

0 

20' 

Veinbanding virus in- 
oculated to plants 
previously infected 
with the mottle virus 

20 

0 

0 

20 , 

Controls 

15 

0 

0 

0 


necrosis (Fig. 2, B), while those inoculated with either virus alone did not, 
thus showing that symptoms of spot-necrosis may be produced by a com- 
bination of veinbanding and mottle. 

Further evidence that the veinbanding virus is one factor in the pro- 
duction of rugose mosaic of potato is given in table 5. Here it is showui 
that 25 out of 26 apparently healthy potatoes, which normally contain the 
mottle virus, developed symptoms of rugose mosaic when inoculated with 
the veinbanding virus alone. To demonstrate that the mottle virus is the 
other factor essential for the production of this disease on potato, 25 potato 
seedlings, which, according to Johnson (7), are mottle-free, were inoculated 
with the veinbanding virus alone, 8 with a mixture of the mottle and vein- 
handing viruses, and 3 with plant extract obtained from a rugose-mosaic 
potato plant. As shown in table 5, the 3 seedings inoculated with rugose 
mosaic, as well as the 8 inoeulated with the mixture of viruses, all developed 
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TABLE 5.^ — ■Comparative inoculations on apparently healthy potatoes^ and on seed- 
ling potatoes free from the mottle virus 


Host inoculated 

Inoculum 

No. of plants 
inoculated 

No. of plants 
developing 
rugose mosaic 

Apparently healthy 
potatoes 

Veinbanding 

26 

25 

' 

Veinbanding ! 

25 

0 

Seedling potatoes 

Veinbanding and mot- 
tle combined 

8 

8 


Rugose mosaic 

j 

3 

3 


symptoms of rugose mosaic. The 25 seedlings inoculated with the vein- 
handing virus alone, however, did not develop symptoms of rugose mosaic ; 
for, although a slight rugosity and mottling of the upper leaves occurred, 
there was no basal leaf necrosis nor leaf drop. Since the veinbanding virus 
alone did not cause rugose mosaic in seedling potatoes, it is concluded that 
the mottle virus, as well as the veinbanding virus, must be present in order 
to produce typical symptoms of the disease. 

The Separation of the Mottle-ring-spot Complex. With the mottle virus 
in apparently healthy potatoes, there is sometimes found a virus described 
by Johnson (7) as ring-spot (Pig. 3, C). The question arises as to what 
part ring-spot plays in the virus complex of spot-necrosis (rugose mosaic). 
To investigate this relationship it was necessary to obtain ring-spot free 
from mottle, a condition, it is believed, that has not previously been accom- 
plished. 

Following the discovery of 2 viruses in apparently healthy potatoes by 
Johnson (7) there have been many different names applied to these viruses. 
Johnson used the names mottle and ring-spot as being descriptive of the 
symptoms occurring on tobacco, it then not being known whether these 
viruses existed as such in the potato. It seems quite evident that V alleau 
and E. M. Johnson (23) included these 2 viruses in what they call ^'the 
healthy potato virus'’; although, according to their descriptions and illus- 
trations, they obtained symptoms identical with those produced by both 
mottle and ring-spot. While recognizing these 2 viruses as described by 
Johnson (7), Burnett and Jones (4) have given them different names, call- 
ing one the latent virus and the other the virulent latent virus. In England^ 
Smith (22) describes the symptoms produced by a virus which he calls 
''ring-spot.” This appears to be similar to the potato ring-spot described 
by Johnson (7) . He does not describe a virus similar to mottle, however, 
and it is not possible from the published descriptions to determine if this 
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Pio. 3. Comparison of symptoms produced on tobacco by mottle and ring-spot 
viruses. A., Control. B. Mottle. 0. Bing-spot. D. Local lesions produced by ring- 
spot. 

Yiriis was present in combination with his ring-spot. In Holland, Quanjer 
(16) has worked with a virus that he states is known to be latent in the 
American varieties Green Mountain, Irish Cobbler, and Rose. Quanjer is 
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evidently referring to one or botli of the viruses found in the apparently 
healthy American potatoes. 

Mention should be made that the ring-spot obtained from apparently 
healthy potatoes should not be confused with another ring-spot disease of 
tobacco, first shown by Fromme, Wingard, and Pnode (5) to be due to a 
virus. 

Since both the mottle and the ring-spot viruses are found in apparently 
healthy potatoes, especially in the variety Rural, there has been some ques- 
tion as to their identity as separate viruses. Following his first description 
of the symptoms produced on tobacco, Johnson (7) expressed the opinion 
that 2 distinct viruses were probably concerned, although he did not actually 
separate them on the basis of properties or in any other way. There is 
little doubt that the mottle virus has often been obtained upon tobacco from 
apparently healthy potato plants free from the ring-spot virus, since mottle 
is regularly present, while ring-spot appears to be much less common. So 
far as can be ascertained, however, there is no indication in the literature 
that the potato ring-spot virus has been separated from the mottle virus 
and propagated in a ^^pure’’ form. 

During the course of the experiments, it was observed that the first 
symptoms of ring-spot appeared on tobacco about 3 days after inoculation, 
while the first symptoms of mottle did not appear until about 7 days after 
inoculation. This suggested a possible difference in the rate of progress of 
the 2 viruses through the tobacco plant, by means of which their separation 
might be accomplished. The lowest leaves of young tobacco plants were, 
therefore, inoculated with a mixture of mottle and ring-spot, and it was 
found possible by means of inoeulations from the tips of these plants at 
intervals of 6 or 12 hours to obtain what appeared to be pure ring-spot 
upon tobacco (Table 6) . In Series ! inoeulations were made every 12 hours 
from the tips of the original plants, the first inoculation being made 12 
hours after the introductio-n of the virus mixture into the plants. Ring- 
spot was recovered in this series 96 hours after the original inoeulation, 
while mottle was not recovered until after 108 hours. In Series II and III 
inoculations from the tips of the young leaves were made every 6 hours but 
were not begun until 66 hours after the introduction of the virus mixture. 
Ring-spot was first obtained in Series II 72 hours after the original inoeu- 
lation, although mottle was not recovered until 108 hours had elapsed. 
Series III did not yield ring-spot until after 84 hours, while mottle was 
secured in 102 hours. 

To determine if the mottle virus was still associated with the ring-spot 
virus obtained ill this manner, property determinations were made. Since, 
as will be shown later, the ring-spot virus is slightly less resistant to 
heat, dilution, chemicals, and aging than is the mottle virus, mottle, if 
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TABLE 6 . — Results of experiments planned to separate the ring -spot and mottle viruses 
on the basis of their rates of progress through tobacco plants 


Number of 
hours al- 

No. of 

Series I 

Series II 

Series III 

viruses 
to pass 
through 
plant 

inoculated 
in each 
series 

No. of 
plants 
showing 
ring spot 

No. of 
plants 
showing 
mottle 

No. of 
plants 
showing 
ring spot 

No. of 
plants 
showing 
mottle 

No. of 
plants 
showing 
ring spot 

No. of 
plants 
showing 
mottle 

6Q ........... 

5 , _ 

0 

0 

0 

0 

0 

0 

72 

' 5 

0 

0 

1 

0 

0 

0 

78 

5 


- 

0 

0 

0 

0 

84 

5 

0 

0 

3 

0 

4 

0 

90 ............ 

5 


- 

0 

0 

3 

0 

96 

5 

, 1 

0 

4 

0 

5 

0 

102 

5 

■ 

- 

1 

0 

4 

2 

108 

5 

4 , 

1? 

5 

2 

5 

3 

114 

5 


- 

5 

3 

- 


120 ............ 

5 

4 

1 

5 

5 

- 

- 


/present, should appear in tests designed to eliminate ring-spot but not 
mottle. The ring-spot virus will tolerate dilution of 1 to 10,000 but not 1 to 
100,000, and, although mottle will tolerate a dilution of 1 to 100,000, it did 
not appear at this dilution of the ring-spot virus in any of the trials. Also, 
in testing the effect of heat on the virus, it was found that after heating at 
68® C., a temperature that inactivates ring-spot but not mottle, no mottle 
developed. In addition, it was found that, although ring-spot is not so 
/resistant to alcohol as is the mottle virus, mottle did not appear where it 
plight be expected to do so if present in the virus extract. Prom these tests 
it was concluded that the ring-spot virus obtained in the manner described 
above was free from the mottle virus and that the 2 viruses are actually 
distinct entities. 

It is particularly worthy of note that a combination of the ring-spot and 
veinbanding viruses produced symptoms on tobacco very similar to the 
^pot-necrosis produced by a combination of the mottle and veinbanding 
viruses (Pig. 4). Spot-necrosis symptoms of a severe type were produced 
in 5 separate trials on a total of 25 tobacco plants by inoculating them with 
a combination of the ring-spot and the veinbanding viruses. Purthermore, 
the type of spot-necrosis produced by the ring-spot-veinbanding eombina- 
tion was found to develop necrosis of the veins earlier and to produce a 




Pig. 4. A-C. Severity of spot-necrosis produced on tobacco by different combina- 
tions of viruses. A. Control. B. Combination of veinbanding and mottle viruses. 
C. Combination of veinbanding and ring-spot viruses. D-I. Symptoms of rugose 
mosaic produced on 6 common American varieties of potatoes by veinbanding virus. 
I). Bliss Triumph. E. Early Ohio. P. Green Mountain. G. Irish Cobbler. H. Rural 
New Yorker. I. Early Rose. 


severer type of necrosis than did the mottle-veinbanding combination. 
Although the 2 viruses, when combined with veinbanding, differ in the 
severity of spot-necrosis symptoms produced, they are strikingly alike in 
general behavior. Since, however, the mottle virus is usually present in 
American varieties of potatoes, while ring-spot is not so common, it is evi- 
dent that under field conditions the former virus is likely to be the most 
important in the production of rugose mosaic. 


THE MOTTHE VIEXJS 

The mottle virus used in these experiments has been identified by James 
Johnson as identical with that described by him in 1925 (7) . The presence 
of this virus in Havana tobacco is indicated by the darker green tissue along 
the veims, while that between these darkened lines becomes slightly chlor- 
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otic. Necrotic lines and rings are entirely absent. (Pigs. 2 , A and 3, B). 
Some variation in the degree of severity, however, may occur. 


TABLE 7. — A compo/rison of the thermdl death points of the veinbanding , ring- 
spot, and mottle viruses 


Temperature 

ISTumber of plants infeeted out of 20 inoculated 

Veinhanding 

Bing spot 

Mottle 

°C. 




50 

20 



54 

19 



55 

17 



56 

4 



58 

1 



60 

0 

20 

20 

65 


19 

20 

68 


0 

7 

70 ' 


0 

0 


TABLE 8." — The effect of aging upon the infectivity of the veinbanding, ring-spot, 
and mottle viruses 


Aging of virus 

Number of plants infected out of 20 inoculated 

Veinbanding 

Bing spot 

Mottle 

Days 

None 

17 

20 

20 

2 

9 

20 

20 

3 

8 

— 

— 

4 

7 

17 

20 

5 

3 

i 

— 

6 

0 

11 

20 

8 

0 

14 

19 

10 


12 

19 

12 


12 

20 

14 


17 ' 1 

20 

16 


9 

18 

18 


9 

14 

20 


12 

15 

22 


10 

13 

24 ■ ' 


13 

13 

26 


14 

10 

2S 


7 

9 
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TABLE 9. — The effect of dilution upon the infectivity of the veinhandi/ng, ring- 
spot, and mottle viruses 


Dilution 

Number of plants infected out of 

20 inoculated 

Veinbanding 

Bing spot 

Mottle 

None 

20 

20 

20 

1-100 

20 

20 

20 

1-500 

18 

— 

— 

1-1,000 

12 

19 

20 

1-5,000 

4 

— 

— 

1-10,000 

0 

12 

16 

1-100,000 

0 

0 

8 

1-1,000,000 

— 

0 

0 


TABLE 10. — The influence of various chemicals upon the infectivity of the vein- 
landing, ring-spot, and mottle viruses 



Strength 

of 

chemical 

Number of plants infected out of 20 inoculated 

Chemical 

Veinbanding 

Eing spot 

Mottle 


30 min. 

60 min. 

30 min. 

60 min. 

30 min. 

60 min. 

Nitric acid 
c. P 

1-500 

0 

0 

20 

20 

20 

19 

Formaldehyde 
(37%) 

1-100 

1 

0 

16 

10 

13 

10 

Alcohol 

(absolute) 

25% 

19 

16 

20 

20 

20 i 

20 

Alcohol 

(absolute) 

50% 

1 

0 

7 

6 

17 

15 


Tlie yiriis is readily transmitted by artificial means, bnt not by aphids. 
Failure of aphids to transmit the mottle virus has already been demon- 
strated in this paper. The mottle virus may readily be obtained on tobacco 
hy artificial inoculation from apparently healthy potatoes of most American 
varieties or by separation from veinbanding on the basis of its greater 
resistance to heat and other treatments. 

Property studies on the mottle virus show that it will withstand heating, 
aging, dilution, and chemicals to a greater degree than will either the ring- 
spot or veinbanding virus (Tables 7—10). This virus is inactivated at a 
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temperature of 70° G. It wiH tolerate a dilution of 1 to 100,000, thougli 
it is not infectious at a dilution of 1 to 1,000,000. After being subjected to 
aging for 28 days at room temperattire, mottle may be still bigbly infectiYe. 
It is only slightly affected by 60-minute exposures to nitric acid (1 to 500), 
formaldehyde 37 per cent (1 to 100), or 50 per cent alcohol. 

THE EING-SPOT VIRUS 

The first symptoms of potato ring-spot on Havana tobacco appear 3 to 4 
days after inoculation as small local lesions on the inoculated leaves. (Fig. 
3, D), These lesions at first consist of a small central necrotic spot around 
which occur 1 or 2 necrotic rings. Later, the number of rings increases 
until there may be several in a single lesion. Symptoms on the upper 
leaves, which appear 6 to 7 days after inoculation, consist of irregular 
necrotic linCiS and concentric rings, which often coalesce into large necrotic 
areas. (Fig. 3, C). 

Ring-spot is readily transmitted by artificial means. It does not appear, 
however, to be transmissible by the aphid Myzus persicae, since no infection 
was obtained in 8 separate trials involving a total of 40 tobacco plants 
infested with aphids that had previously fed upon ring-spot-infected tobacco 
plants. 

Property studies upon the ring-spot virus show that it is not quite so 
resistant as the mottle virus, though more so than the veinbanding virus 
(Tables 7-10). Ring-spot is inactivated at a temperature of 68° C. It is 
still infectious after aging for 28 days, though its infectivity has apparently 
been reduced. This virus will tolerate a dilution of 1 to 10,000 but is not 
infective when diluted 1 to 100,000. Ring-spot is only slightly affected by 
a 60-minute exposure to nitric acid (1-500) and formaldehyde 37 per cent 
(1 to 100). It is, ho-wever, rendered less infectious by a 60-minute exposure 
to 50 per cent alcohol. 

THE VEINBAHDING VIRUS 

As the experiments in the University of Wisconsin have been almost 
entirely confined to the Havana-Seed type of tobacco, a comparison was 
made of the s>anptoms produced by veinbanding on this and other distinct 
types of Nicatiana iahacum. The Burley, Orinoco, Turkish, and Pryor 
types were chosen in addition to Havana Seed for this comparison. The 
Havana-Seed, Orinoco, Burley, and Pryor types produced symptoms of 
veinbanding, consisting of a general flattening of the entire plant, a slight 
clearing of the veins, and a faint chlorosis of the leaves (Fig. 2, D). 
Although the Turkish variety at first developed symptoms identical with 
those produced on the other types, a mottling later developed that was very 
similar to the symptoms caused by the mottle virus obtained from appar- 
ently healthy potatoes. 
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The veinbanding virus is readily transmitted by the aphids Myzus per- 
sicae and Macrosiphum solamfoliiy a^ well as by plant extract. It may be 
obtained from the rugose mosaic or spot-necrosis complex by means of these 
insects. 

Property studies upon the veinbanding virus show that it is less resis- 
tant than either the mottle or the ring-spot virus (Tables 7-10). Vein- 
banding is inactivated at a temperature of 60° G.' It wdll withstand aging 
for only 4 or 5 days. This virus will tolerate dilution to 1 to 5,000 but not 
1 to 10,000. Veinbanding wall not withstand exposure to nitric acid (1 to 
500), formaldehyde 37 per cent (1 to 100), or 50 per cent alcohol for 30- 
niinute periods, although it is still infectious after being exposed to 25 per 
cent alcohol for 60 minutes. 

Host Range. To determine a partial host range for the veiiibanding 
Aims, several species of solanaceous plants Avere selected and infested AAith 
aphids that had previously fed on rugose-mosaic potato plants. The infes- 
tations were made in series of 5 plants each, the juice from all 5 being 
subsequently combined and inoculated back to tobacco as a test for suscepti- 
bility of the host in question. If symptoms of veinbanding appeared upon 
the latter plants, it was evident that at least 1 plant in the series had been 
infected. 


TABLE 11 . — A test of certain solanaceous plants as possible hosts of the vemband- 
ing vims 


Plants inoculated 

No, of series of 

5 plants eacR 
infested with 
viruliferous 
My^U/S persicae 

Symptoms 

produced 

No. of series 
producing vein- 
banding upon 
reinoeulation 
to tobacco 

Batura stramonium 

4 

None 

0 

Lycopersicon esculentum ... 

6 

! Vein- clearing 

6 

Nicandra physaloides 

6 

None 

6 

Nicotiana glutinosa 

4 

Vein-clearing 

4 

^ ^ rustica 

6 

C 1 

6 

Phy sails pubescens 

6 

None 

6 

U ^ longifoliwm 

4 

Cl 

0 

Solanum minuatum 

6 

Cl 

'5 " ■' 

melongena 

6 

Cl 

0 

• nigrum 

6 

Cl 

, .5,', ,, 

‘ ^ carolinense 

4 

il 

0 
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It is shown in table 11 that LycopBTsico^ escv2>6^tufyip Nico/yid/Tci physa- 
loides, Solanum minuodum, 8. nigrum, Nicotiana glutinosa, N. rusiica, and 
Physalis puhescens are susceptible to veinbanding' since the virus was readily 
recoverable from infested plants by artificial inoculation to tobacco. On 
the other hand, no virus was recovered from Duturd strdmonium, PhysdUs 
langifolium, Solanum melongena, and 8 , caroUnense. Similar results were 
obtained with P. stramonium by Valleau and Johnson (23) and possibly 
also by K. M. Smith (22), who failed to infect this species with his aphid- 
transmitted virus. The fact that certain solanaceous plants will act as 
hosts for veinbanding may be of some practical importance. It seems, as 
suggested by Valleau and Johnson (23), that certain solanaceous weeds 
growing near a potato field may possibly become infected with this virus 
and act as a source of infection for neighboring potato plants that already 
carry the mottle virus, resulting in the development of rugose mosaic. 

Resistance in Potatoes, Johnson (9) has found that a marked differ- 
ence in susceptibility exists among the common American potato varieties 
to several potato-virus diseases, including rugose mosaic. As rugose mosaic 
is now shown to be due to a combination of the veinbanding virus with one 
or both of the viruses found in the apparently healthy potato, an attempt 
has been made to determine the degree of resistance exhibited by the com- 
mon American potato varieties to the veinbanding virus. 

The Green Mountain, Bliss Triumph, Early Bose, Early Ohio, Irish 
Cobbler, and Rural New Yorker varieties were used, 50 plants of each 
variety being artificially inoculated with the veinbanding virus (Table 12). 
The results indicate that these varieties may be classed as either susceptible 
or resistant. The Green Mountain and Bliss Triumph varieties belong in 


TABLE 12.— Relative resistance of certam potato varieties to rugose mosaic when 
inoculated with the veinbemding virm alone 


Variety tested 

No. of 
plants 
inocu- 
lated 

No. of 
plants 

Average 

incuba- 

tion 

Symptoms 

infected 

period 
in days 

Necrosis 

Mottling 

Bugosity 

Green Mountain...... 

50 

50 

17.6 

Severe 

Good 

Severe 

Bliss Triumph ...... 

50 

46 

19.4 

Very 

severe 

C i 

Very 

severe 

Early Bose 

50 

40 

30.4 

Slight 

Slight 

Slight 

Early Ohio 

50 

38 

29.7 

■ 

Good 

None 

None 

Irish Cobbler ......... 

50 

29 

28.4 

i { 

ti 

< ( 

Bural New Yorker 

50 

21 

28.8 

Slight 

Good 

Good 
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tbe susceptible class, since, in botb, tbe disease has a relatively short incu- 
bation period, high percentages of infection are secured, and severe symp- 
toms of rugose mosaic develop (Pig. 4, D--I). Green Mountain is probably 
slightly more susceptible than Bliss Triumph, since a higher percentage of 
infection was obtained on the former and the incubation period was some- 
what shorter, although the symptoms are more severe in Bliss Triumph. 
None of the Green Mountain potatoes were entirely destroyed by this dis- 
ease, while about 25 per cent of the Bliss Triumph potatoes were killed. 

The Early Eose, Early Ohio, Irish Cobbler, and Eural New Yorker 
varieties evidently belong in the resistant group (Pig, 4, D-I), with Early 
Eose the least resistant and Eural New Yorker the most resistant of the 4. 
While the incubation periods of the disease in these 4 varieties are almost 
the same, the varieties vary considerably in the percentage of infection 
obtained, the Eural variety yielding about half as many infected plants as 
does Early Eose, and Irish Cobbler about 75 per cent as many. 

Prom the experiments carried on by Johnson (9) and by the writer it 
appears there is a decided variation in the resistance exhibited by the com- 
mon American potato varieties to the veinbanding virus, suggesting possi- 
bilities for future control measures. 

COMPARATIVE STUDIES WITH VIRUSES PROM FOREIGN SOURCES 

One of the most important problems in connection with potato-virus 
diseases is the correlation of research in various countries with reference 
to the specific identity of the viruses studied. In most cases it has remained 
almost impossible on the basis of symptomatology definitely to identify a 
virus disease, much less a virus, and until this is done much uncertainty 
will exist in the literature. For the present an exchange of materials for 
study appears to offer the most promising line of attack. Through the 
courtesy of E. N. Salaman, H. M. Quanjer, E. S. Schultz, D. Folsom, and 
others, the Wisconsin laboratories have been able to secure various viruses 
for comparative study, in a preliminary way, with the rugose-mosaic 
viruses. It may be said that our rugose mosaic agrees with Schultz and 
Folsom’s rugose mosaic, which, in turn, is presumed to be identical with 
potato crinkle in Europe, as described by Murphy (11) and by Quanjer 
(14). 

Salaman (17), in England, states that a disease named by him Crinkle 
” is due to a combination of viruses, one element of which is respon- 
sible for the crinkle-mosaic type of symptom and another for the streak 
type. Since he also considers potato streak to be the same as rugose mosaic, 
the two component viruses of rugose mosaic might be expected to be com- 
parable with those concerned in the production of streak. 
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A study lias been made upon Salaman^s Crinkle A as occurring in tbe 
potato variety President. Tobacco plants, artificially inoculated with ex- 
tract from President potatoes affected with Crinkle A developed a mottling 
that appeared similar to that produced by the mottle virus. When the 
veinbanding virus was introduced into tobacco plants containing this virus 
spot-necrosis resulted, indicating further that Crinkle A includes the mottle 
virus. That Crinkle A did not include the veinbanding virus was inferred 
from the fact that artificial inoculation to tobacco yielded symptoms of 
mottle only and not of spot-necrosis. 

These results suggested the possibility that those potato varieties in wliieii 
Crinkle A caused streak might contain the veinbanding virus, particularly 
if, according to Salaman, streak and rugose mosaic are identical. Three 
varieties of potato in which Crinkle A was said to produce streak and 3 in 
iWhich it was said to produce crinkle mosaic were tested for the presence of 
both the veinbanding and the mottle viruses. This was accomplished by 
means of direct inoculation from potato to tobacco. Extract from these 
potatoes "was combined also with the veinbanding virus in a further test of 
the presence or absence of mottle with the expectation that, if this virus 
were present, spot-necrosis would be produced. Similarly, another portion 
of extract was combined with the mottle virus and inoculated to tobacco to 
determine whether veinbanding were present. 

The varieties Up-to-Date, Duke of York, and King Edward, which, accord- 
ing to Salaman (17), belong to the streak-producing group, showed no evi- 
dence of containing the veinbanding virus, while the presence of mottle 
virus was demonstrated only in the Duke of York variety. The varieties 
Arran Victory, President, and Abundance, said to develop crinkle mosaic 
following inoculation with Crinkle A, were shown to contain neither vein- 
banding nor mottle. From these results it, therefore, seems unlikely that 
Salaman ’s streak is identical with our rugose mosaic. 

Preliminary studies made upon certain potato-virus diseases obtained 
from Holland from H. M. Quanjer indicate that some of these diseases may 
be caused, in part at least, by viruses similar to those associated wdtii our 
rugose mosaic. The presence of the veinbanding virus in potato plants 
that, according to Quanjer, were infected with 'Acropetal necrosis’’ (16) 
was demonstrated by artificial inoculation of extract to tobacco, symptoms 
of veinbanding developing upon the inoculated tobacco plants, xidditional 
evidence of the presence of the veinbanding but not the mottle virus in 
these potatoes was obtained by combining part of the extracted juice with 
the veinbanding virus and part with the mottle virus and subsequently 
inoculating each combination to a series of tobacco plants. Tobacco plants 
inoculated with the veinbanding combination developed symptoms of vein- 
banding only, indieating the absence of mottle from the original potato 
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plants, while plants inoculated with the mottle combination developed 
symptoms of spot-necrosis, demonstrating the presence of the veinbanding 
virus in the potatoes. This fact was confirmed by inoculation of Bliss 
Triumph potatoes, carrying mottle, with the extract from the original 
potato plants, which resulted in symptoms of severe rugose mosaic. 

A series of potatoes that, according to Quanjer, were infected with 
'^acronecrosis’’ were tested in a similar manner and were also found to 
contain the veinbanding but not the mottle virus. The mottle virus, on 
the other hand, was recovered from potatoes said by Quanger to be infected 
with leaf roll. This virus, strangely enough, was not recovered from pota- 
toes said to be carriers of the apparently healthy potato virus. 

From these preliminary studies it may be concluded that the veinband- 
ing and mottle viruses are both present in England and Holland, though the 
question of their relative importance in the field remains obscure. 

DISCUSSION 

The potato-virus-disease problem, as a whole, is greatly complicated by 
the presence of one or more viruses in apparently healthy American pota- 
toes. The problem may be said to be complicated still further by the irregu- 
lar association of these viruses with apparently healthy European stocks 
of potatoes. Nevertheless, as far as rugose mosaic is concerned, it is evi- 
dent that the information that has been accumulating from several sources 
in recent years is serving to clarify a situation that is much more complex 
than had been realized. The results, as a whole, go to show that the 
symptom complex, known as rugose mosaic in America, must generally be 
due to the mottle and the veinbanding viruses acting in combination. It 
is quite as evident, however, that an almost identical symptom expression 
may result from the ring-spot and veinbanding complex either alone or in 
combination with the mottle virus. This evidence would suggest rather 
than preclude the possibility of still other viruses being concerned in similar 
expressions of disease. It is believed, however, that when potato diseases 
of the rugose-mosaic, crinkle, and streak types have been adequately studied 
in various parts of the world the causal agencies will be found to have 
much in common. Such studies must evidently be based particularly upon 
the isolation of the viruses concerned and upon determinations of their 
comparative properties, modes of transmission, host range, and other dis- 
tinguishing characteristics rather than solely upon extensive descriptions 
of symptoms. 

The increased knowledge concerning the nature of the rugose-mosaic 
disease suggests several possible lines-of endeavor in the direction of control. 
Fortunately, when the viruses concerned are combined, the result is a dis- 
ease that tends to be self -exterminating, even though the viruses by them- 
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selves are admirably adapted to self-perpetnatioii. The prevention of insect 
dissemination of a virus disease through insect control is not yet a promis- 
ing line of control in the field. The elimination of the insect-transmitted 
virus through tuber indexing of the potato stock itself, seems most likely 
to succeed. Should it develop that other host plants actually harbor the 
veinbanding virus to any extent, this would no doubt offer added but per- 
haps not insurmountable difficulties to the propagation of virus-free stocks. 
Still another line of control is well worthy of careful consideration in dis- 
tricts where rugose mosaic is a serious disease. Manifestly, the elimination 
of the mottle virus, normally present in apparently healthy potatoes, would 
prevent the development of the more serious rugose-mosaic disease, even 
though veinbanding were prevalent. Since potatoes free from the mottle 
virus can apparently be found (4) and since this virus is not aphid-trans- 
mitted, it would seem to be only a routine matter to build up large stocks 
of seed potatoes of different varieties free from this constituent of the 
disease. 

Lastly, the probability of utilizing existing varieties of resistant potatoes 
or of developing new strains resistant to one or more of the viruses con- 
cerned in rugose mosaic should not be overlooked. 

SUMMARY 

Further evidence is presented to show that the rugose-mosaic disease of 
potato is due to the combined effect of the mottle virus, normally present 
in apparently healthy potatoes, with the veinbanding virus. The potato 
ring-spot virus may, however, replace, with almost identical results, the 
mottle virus in the combination. 

Both the mottle virus and the ring-spot virus are easily transmitted by 
plant extract, but all attempts to transmit these by means of aphids have 
failed. The veinbanding virus, which is also transmissible by plant extract, 
is readily transmitted as well by the aphids Myzics persicae and Macro- 
siphum solanifoUi, 

The differential behavior of these viruses with respect to insect trans- 
mission serves as a most simple means of isolating the veinbanding virus 
from the rugose-mosaic complex. The mottle virus, on the other hand, may 
be readily separated from the complex on the basis of differential properties. 

The mottle virus, as secured either from the rugose-mosaic complex or 
from apparently healthy potatoes, may sometimes be combined with the 
potato ring-spot virus, while the latter has not yet been found except in 
association with mottle. 

Mottle and ring-spot apparently can not be separated upon the basis of 
transmission or differential properties. It was found, however, that the 
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ring-spot virus conld be isolated from mottle by utilizing the differential 
rate of progress of the 2 viruses through the tobacco plant. 

The thermal death point of the veinbanding virus was found to be 60° C., 
that of ring-spot 68° C., and that of mottle 70° C. The veinbanding virus 
resists aging in vitro only about 5 days, whereas ring-spot and mottle may 
resist aging as long as 28 days. Yeinbanding will withstand a dilution of 
only about 1 to 5,000, and ring-spot 1 to 10,000, whereas mottle will with- 
stand a dilution as high as 1 to 100,000. Yeinbanding is also more sensitive 
to chemical treatments than is ring-spot or mottle. 

Tests on resistanee to rugose mosaic in 6 common American varieties 
of potato indicate that this varies with the variety and, in the Kural New 
Yorker, at least, it is perhaps great enough to warrant use of this variety 
as a resistant potato. 

Certain solanaceous plants are shown to be susceptible to the veinband- 
ing virus. This suggests the possibility of aphids transmitting veinbanding 
from weed hosts to neighboring potato plants, which, since they already 
harbor the mottle virus, would then develop rugose mosaic. 

Comparative studies with virus diseases from foreign sources indicate 
that viruses similar to or identical with mottle and veinbanding may be 
found in foreign potatoes. The existence of certain varieties or strains 
free from the mottle and ring-spot viruses suggests the use of such potato 
.stocks as a possible method of control of rugose mosaic. 

University of Wisconsin, 

Madison, Wisconsin. 
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PHYSIOLOGIC FORMS OF WHEAT STEM RUST IN KANSAS AND 

NEBRASKA^ 

George L. Peltiers 
(Accepted for publication June 28, 1932) 

INTRODUCTIOlSr 

The writer here presents a summary of an intensive study of the pri- 
mary sources of wheat stem rust in Kansas and Nebraska, based on observa- 
tions of the spread of rust and on the annual occurrence of the physiologic 
forms of Puccinia graminis tntici (Pers.) Eriks, and Henn. during a 3-year 
period (1928-30). The methods employed in making the surveys and col- 
lecting the material for the identification of the forms were essentially the 
same as those already described in detail by Peltier and Thiel (3). 

Since the publication of this paper Stakman, Levine, and Wallace (5) 
and Wallace (6) have reported the physiologic forms identified by them in 
the United States and Mexico, but particularly those occurring in the Mis- 
sissippi Valley over a 3-year period (1926-28). Recently, Newton, John- 
son, and Brown (1) have summarized the physiologic forms of wheat rust 
found in Canada over an 11-year period (1919-29). Peltier (2), on the 
basis of 6 years’ observations, has discussed some of the aspects of 
the spread of stem rust in Nebraska. 

PHYSIOLOGIC FORMS POUND IN 1928 

Near Barberries. In Kansas, aeciospores were first noted the last w'^eek 
in May in Republic, Saline, and Riley counties. Uredinia were first ob- 
served on grasses near infected bushes on June 6, 13, and 14, respectively. 
At this time only a light infection on grasses was found. Collections on 
grasses and grains near infected barberries in Kansas all proved to be P. 
graminis secalis (Pers.) Eriks, and Henn. 

In Nebraska, uredinia on grasses and grains near barberries w^ere first 
noted on June 10, 14, and 15, in Johnson, Merrick, and Polk counties and 
later in the season in Merrick, Hall, York, and Saunders counties. The 

1 Paper No. 119 of the Journal Series of the Nebraska Agricultural Experiment 
Station. Cooperative investigations between the Department of Plant Pathology, 
Nebraska Agricultural Experiment Station, and the Division of Barberry Eradication, 
Bureau of Plant Industry, United States Department of Agriculture. 

2 The writer wishes to acknowledge his indebtedness to Dr. C. R. Ball, formerly of 
the Division of Cereal Crops and Diseases, to Mr, F. C. Meier, Division of Barberry 
Eradication, Bureau of Plant Industry, United States Department of Agriculture, and 
to Mr. H. H. Foster and Mr. Floyd Schroeder, former graduate assistants in the Depart- 
ment of Plant Pathology, Nebraska Agricultural Experiment Station. 
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Ra 1. Date in. June when primary uredinia, not directly traceable to barberries, 
were collected in various counties in Kansas and Nebraska. A. 1928. B. 1929. 
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Fig. 2. Distribution of tbe physiologic forms of wheat stem rust collected ih Kan- 
sas and Nebraska. A. 1928. B. 1929. 
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■wheat stem-rust forms were identified from collections obtained near 5 bar- 
berry locations (Table 1). Physiologic form 3 was found in Johnson 
County (June 10), forms 12, 13, and 34, in Merrick County (June 28 to 
July 3), and form 56, in Saunders County (July 2). The uredinia found 
near infected bushes in Johnson County were the first to be discovered in 
Nebraska and antedate by 1 week the finding of uredinia not directly trace- 
able to barberries. 

Not Directly TraceaUe to Barberries. In northern Kansas, the first pri- 
mary uredinia were found the second 'week in June. Primary uredinia 
were not observed in northwestern Kansas until the last week in June (Pig. 
1, A). In Nebraska, primary uredinia were first observed on winter wheat 
June 18, in Jefferson, Johnson, and Lancaster counties. The following 
week a trace of stem rust could be found over most of the State. Stem rust 
developed very slowly and few secondary and succeeding generations of 
urediniospores were found. Owing to the fact that stem rust was late in 
making its appearance, wheat was harvested without any estimable loss 
from this rust. 

Five physiologic forms were identified from the collections made in 
Kansas, while 9 forms were obtained from the collections made in 56 coun- 
ties in Nebraska (Table 1 and Pig. 2, A). Of the 9 forms found in Ne- 
braska only 2, forms 3 and 18, were collected throughout the entire season. 
Apparently these forms were the dominant and prevailing ones in Ne- 
braska, as they were found in all parts of the State. Form 11 seemed to 
have been generally distributed over the wheat section of western Ne- 
braska. The other physiologic forms were found in small amounts but 
fairly well scattered over eastern Nebraska. With the exception of form 
17, all the others present in Kansas -were found also in Nebraska. 

PHYSIOLOGIC FORMS FOUND IN 1929 

A^ear Barberries. In Kansas, a total of 11 properties with barberries 
present was observed in some detail for a period of several weeks in 5 coun- 
ties. Notes made on several of these locations are presented in order to 
show the rate of development of rust on the near-by grains and grasses. 

Biley County. Hedge with a trace to light infection. Aeeia mature 
May 7. Occasional uredinia first noted on Agropyron smithii May 30. On 
June 8 a trace of infection was found on A. smithii 75 ft. and on Hordeum 
2?usiUum 20 ft. north of the hedge; whereas, 10 to 15 ft. from the hedge, 
a prevalence of 5 per cent infection was no-ted. About 10 ft. to the ea.S'fc 
of the hedge A. smithii had only a trace of rust. No rust was found to the 
west and south of the hedge. Aeciospores infected wheat and physiologic 
form 34 was later obtained. A collection of uredinia on S. pusillum 
proved to be the rye stem rust. 

Salim County. Hedge with a trace of infection. Aeeia mature May 
9. Occasional uredinia noted on Agropyron smithii and Hordeum pusil- 
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TABLE 1 . — Annual occurrence of physiologw forms of Tuccinia graniinis tritid in Kansas 

and Keiraslca 


Number of times eolleeted 


Physio- 

logic 

form 

No. 

Uredinia 

near 

barberry 

Primary 

uredinia 

Secondary 

and 

succeeding 

uredinia 

Fall . 

uredinia 

Total 

Kaiis.'^ 1 

Nebr.b 

Kans. 1 

Nebr. 

! Kans. 

Nebr. 

Kans. 

Nebr. 

Kans. I 

Nebr. 


1928 


3 


1 


4 ! 

8 


4 

17 

10 ...... 




2 ' 1 

2 


1 

4 

11 





8 


1 

9 

12 


2 



3 



5 

17 




1 



1 


18 


1 

'4:2 

8 


1 2 i 2 

15 

21 




2 


1 ' I 

3 

34 


1 

1 1 

3 

i 

1 ■/ 

5 

38 



1 ; 

1 

i , 


1 

56 


1 

1 2 : 1 

s I 

1 1 

6 


Total number of forms 
Number of collections 


5 9 

6 65 


1929 


11 

18 

34 

39 

56 


3 

5 

7 

6 

41 

i 35 

3 

7 

4 

24 

29 

1 

1 

1 

1 

6 

5 

7 

2 

8 

! 



6 

8 

8 

42 

41 

8 

14 

6 

35 

40 

Total number of forms 

Number of collections 

5 

105 

5 

I 103 


1930 


15 



11 

2 





11 

2 

34 ...... 



11 



10 



11 

10 

36 

2 


39 

11 


37 



41 

48 

38 



8 

2 


8 



8 

10 

49 



1 



2 



1 

2 

56 




1 


2 




3 

Total number of forms 




^ 5 ' . ! 

6 

Number of collections 




72 

75 


^ 1928. Collections from 5 properties near infected bushes in 3 northern counties were 
identified as P. graminis secalis. 

1929. Collections from 11 properties near infected bushes in 5 northern counties in 8 
instances were identified as P. graminis secalis. 

1930. Collections from 7 properties near infected bushes in 2 northern counties in 5 

instanees were identified as P. secafe 

b 1930. Collections from 2 properties near infected bushes in Greeley County were 
identified as P. secaZis. 



34:8 


Phytopathology 


[VoL. 23 


lum May 29. On June 5 scattering infections were found 60 to 65 ft. west 
of the hedge on A, smiihii and only 18 ft. on H! pusillum. About a 3 per 
cent prevalence was present on these 2 grasses within 10 ft. of the bushes. 
South of the hedge rust extended about 50 ft. on A, smithii with a 2 per 
cent prevalence within 10 ft. of the hedge. Very little chpige in the preva- 
lence and severity of rust was noted on June 25. Colleetions from infected 
barberry leaves and grasses all yielded the rye stem rust. 

Bepublic County, Hedge with a heavy infection. Aecia mature May 

10. Occasional uredinia noted on Agropyron smithii and Hordeum pusil- 
lum on May 27. By June 4 a light infection had spread 25 ft. west of the 
hedge on S. pusillum and only 15 ft. on A. smithii. Within 10 ft. of the 
hedge a 25 per cent severity was found on both grasses, while farther away 
the percentage of infection dropped rapidly to less than 1 per cent. East 
of the hedge rust could be noted for 90 ft. on R, pusillum and only 25 ft. 
on A, smithUy-wYiile, a 25 per cent infection occurred within 10 ft. of the 
hedge on R. pusillum and only 5 to 10 per cent on A. smithii. To the south 
rust extended about 50 ft. on both grasses. North of the hedge R. julatum 
had 2 to 3 per cent infection 200 to 275 ft. away. Within 100 ft. 3 to 5 
per cent infection occurred. Within 50 ft. of the bushes the percentage of 
infection in R. pusillum increased to 15 per cent, and within 25 ft. to 25 
per cent. By June 15 the rust had spread 160 ft. to the west and east and 
750 ft. to the north. The percentage of rust varied from 2 to 25 per cent 
near the bushes. No additional spread or increase in the severity of rust 
was noted after this date. Collection from infected barberry leaves and 
grasses all yielded the rye stem rust. 

Smith County. Two bushes with a light infection. Aecia mature May 

11. On May 31 an occasional pustule was found 15 to 20 ft. from the 
bushes on Hordeum pusillum and H. juiatum. By June 14 a 5 to 10 per 
cent infection was present on R. pusillum within a 10-ft. radius of the 
bushes. A trace of infection occurred on R. pusillum and Rystrix patula 
up to 60 ft. north of the bushes. Rordeum juhatum had a 50 to 60 per 
cent infection within 15 ft. of the bushes, while only a trace could be found 
on Agropyron smithii. Collections made from infected grasses all yielded 
the rye stem rust. 

The above notes serve to give an idea of the development and rate of 
spread of stem rust from infected barberry bushes. At 8 such locations 
in Riley, Saline, Republic, and Smith counties rye stem rust was found 
near barberries, while wheat stem rust occurred only on 1 property with 
infected bushes. (Table 1). Uredinial collections on grasses from near 2 
locations failed to infect wheat, oats, or rye. 

In Nebraska, only 1 property with infected barberries was found rather 
late in June. Collections made on Rordeum juhatum near the bushes and 
from barley i and J mile away all yielded the wheat stem rust, which was 
later identified as physiologic form 39. (Table !). 

Not Directly Traeeahle to Barberries. The first primary uredinia were 
collected June 3 in Harper County, Kansas. A few days later primary 
uredinia were found in a number of the southern counties and were, for 
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the most part, fully developed and easy to find. In the western part of the 
State only a light primary infection occurred and rust was harder to find. 
In figure 1, B the date in June that primary uredinia 'were collected in the 
various counties is indicated. 

The first uredinia not traceable to barberries were found in Lancaster 
County, Nebraska, June 9. During the same week a trace of rust was found 
across the whole southern part of the State. By the third week in June 
stem rust could be found in small amounts in all parts of Nebraska. Be- 
cause of hot, dry winds, during the last 2 weeks in June, however, secondary 
infections developed slowly. While there was a fairly well-scattered pri- 
mary infection throughout both States early enough to have produced a 
rust epidemic, the weather conditions were such that the wheat matured 
rapidly under the influence of the hot, dry winds, conditions extremely 
unfavorable for the further development of stem rust. Thus, there was no 
estimable loss from wheat stem rust in Kansas and Nebraska in 1929. 

Prom the collections in Kansas representing primary uredinia, 5 physio- 
logic forms were identified. (Table 1 and Pig. 2, B). The same 5 forms 
also were obtained from the collections of secondary and succeeding ure- 
dinia. It is of interest to note that all collections of infected barley yielded 
negative results when placed on wheat. It is apparent that forms 39 and 
56 were the dominant and prevalent ones in Kansas. In many instances 
they were isolated from the same collection, so that they were closely asso- 
ciated throughout the State. The other 3 forms were found fairly well 
distributed but in smaller amount over most of Kansas. 

The same 5 forms found in Kansas also were identified from the collec- 
tions representing primary, secondary, and succeeding uredinia in Nebraska. 
The number of times the forms were found and their distribution are given 
in table 1 and figure 2, B. Here, again, it will be noted that forms 39 and 
56 were the dominant and prevailing ones and were associated many times 
as mixtures in the same collection. The other 3 physiologic forms were 
fairly well distributed in smaller numbers over most of Nebraska. 

A number of rust-infected wheat plants were sent the writer from points 
in Texas and Oklahoma, and form 39 was consistently isolated from these 
collections. 

PHYSIOLOOIC FORMS FOUND IN 1930 

Near Barberries. A total of 7 properties in 3 counties in northern Kan- 
sas, with barberries present, was observed the middle of June. Aecia were 
found on most of the bushes, with only a trace to a light infection, and from 
an occasional to few aecia per leaf. All but 2 collections of infected grasses 
near these bushes yielded rye stem rust. Two collections of wheat from near 
an infected barberry were identified as form 36 (Table 1). A rather heavy 
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infection occurred on winter wheat adjacent to these bnshes on Jnne 19, the 
severity varying froin 25 to 50 per cent near the hnshes to a trace to 25 
per cent 70 ft. away. 

Only 2 instances of spread of rust from infected barberries were located 
in Nebraska. On July 5, scouts found 2 properties in Greeley County, 
where bushes were moderately infected. All collections of grasses and 
grains near the bushes and for a mile away yielded rye stem rust. 

Not Directly TraceaUe to Barherries, The first uredinia in Kansas were 
collected on May 29 in Harper County, but it was somewhat later before 
uredinia could be readily found. Between June 9 and 24 over 100 lots 
representing primary uredinia were collected in 54 counties of Kansas 
(Pig. 3, A). 'While stem rust was found in all sections of the State the 
second week of June, it was not a heavy primary infection. The wheat 
matured rapidly and the yields for the most part were high. No measurable 
loss from stem rust occurred in Kansas. 

The fii’st uredinia not directly traeeaJble to barberries were found on 
June 8 in Jefferson and Thayer counties, Nebraska. During the same week 
primary uredinia were found across the whole southern half of the State. 
By the end of the third week in June primary uredinia occurred in small 
amounts in all parts of Nebraska (Pig. 3, A). Some secondary and suc- 
ceeding generations of uredinia were collected, but, owing to the rapidity 
with which the grain matured, no estimable loss from stem rust occurred. 
Over 200 collections in 76 counties were Obtained in the State in 1930, some 
of which were lost when the rust was transferred to wheat in the green- 
house. 

Through the cooperation of workers in several Southern States, collec- 
tions of wheat stem rust were obtained from Denton, San Antonio, Dalhart, 
Big Springs, and Canyon, Texas. Prom this material form 36 was con- 
sistently obtained. Likewise, material from Stillwater, Lawton, "Woodward, 
and Norman, Oklahoma, yielded form 36, together with form 38. Prom 
a few collections made in Missouri and Arkansas form 38 was obtained. 

Pive physiologic forms were identified from the collections made in Kan- 
sas (Table 1). It is apparent from figure 3, B that form 36 was the domi- 
nant and prevalent one, present as primary uredinia in Kansas. Physiologic 
forms 15, 34, and 38, while found in smaller numbers, were fairly well dis- 
tributed over the State. Only one eolleetion of form 49 was found in south- 
east Kansas. 

The same 5 physiologic forms found in Kansas also were present in 
Nebraska. A sixth form was identified from 3 lots of material widely scat- 
tered over the southern part of the State (Table 1). Again, it will be 
noted that form 36 was the prevailing and dominant form in Nebraska. 
Forms 34 and 38 were fairly abundant and widely scattered. Only an oc- 
casional eolleetion of the other 2 physiologic forms was found. 
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Fig, 3. A. Date in June, 1930, when primary uredinia, not directly traceable to 
barberries, were collected in various counties in Kansas and Nebraska. E, Distribution 
of physiologic forms of wheat stem rust collected in Kansas and Nebraska in 1930. 
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DISCUSSION 

Of the 11 localities with infected barberry bushes present, under ob- 
servation in Kansas since 1925 (3), in only 2 instances has wheat stem rust 
been found on near-bj^ infected grasses and grains. In nearly every case the 
rye stem rust has been present. The same bushes visited over a 5-year period 
in Republic County have eonsistantly yielded rye stem rust. 

With the continued eradication of barberries in Nebraska, it becomes 
more difficult to find infected barberries spreading rust early in the season. 
The spread of wheat stem rust from barberries is not so much a factor as it 
was in former years. 

Primary uredinia not directly traceable to barberries appear usually in 
small amounts, but vddely distributed in Kansas, about the first of June, and 
usually by the end of the same week in southern Nebraska. In occasional 
years, as in 1928, primary uredinia appear somewhat later. In both western 
Kansas and Nebraska uredinia are found from 1 to 2 weeks later. 

The winter wheats commonly grovui in Kansas are Black Hull, Kanred, 
and Turkey, and in Nebraska, Nebraska No. 60, Kanred, and Turkey. Black 
Hull, Turkey, and Nebraska No. 60 have proved susceptible to all the 
physiologic forms found in these 2 States. Kanred, however, is resistant to a 
number of the forms. It has been noted also that fields of beardless wheat, 
found occasionally in this area, usually are more heavily infected than ad- 
joining fields of bearded wheat. No direct evidence, is at hand indicating 
that the variety of winter wheat growm in this region influences the pre- 
valence of any one physiologic form or combination of physiologic forms. 

In table 2 are listed the physiologic forms found in Nebraska during 6 
years. (3). In all, 20 physiologic forms have been identified. Of these 20 
forms, a number have been found only once during 1 year, while a few 
have been collected in fairly large amounts during only 1 season. Four 
forms have been found during 2 seasons, 3 for 3 years, 2 for 4 years, and 
2 forms have been found in 5 out of the 6 years studies have been in prog- 
ress. In other words, there are common and uncommon forms. Physiologic 
forms 11, 18, 34, and 36 can be classed as common or prevalent forms, while 
forms 10, 21, and 56 have been present in 3 out of 6 years. 

The simultaneous appearance of a physiologic form over a wide area in 
June indicates that barberries are not the primary source of inoculum. 
During some years the same form present over a wide area has also been 
found near infected barberries, but this form must have been present the 
preceding year, since viable telia must overwinter near-by in order to pro- 
duce infection of the barberry. The uncommon forms for the most part are 
apparently forms localized near barberries, since they have not been found 
in Kansas or southward. The common or prevalent forms present in 
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TABLE 2 .^ — Annual occurrence of physiologic forms of Pucdnia graminis tritici in 

Nebraslca, 1924-1930 


Physiologic Number of times collected 


form 

No. 

1924 

1925 

1926 

1928 

1929 

1930 

Total 

3 

12 



17 



2 

6 

1 






1 

10 

4 


3a 

4a 



3 

11 

34 


■13a 

9 

8a 


4 

12 

2 



5 



2 

15 






2a 

1 

17 

3 






1 

18 

13 

8a 

50a 

15a 

14a 


5 

21 

5a 

4a 


3 



3 

24 

2 






1 

25 

1 






1 

29 

2 






1 

31 


5 





1 

32 

3 

1 



! 


2 

34 

9 


7a 

5a 

6a 

10a 

5 

36 

11 

20a 

1 



48 a 

4 

38 




1 


10a 1 

i ' 2' 

39 





35a 


|, 1 

49 






2a 

1 

56 




6a 

40a 

3 

3 

No. of 








forms ... 20 

14 

5 

5 

9 

5 

6 


o 

d 








eolleC’ 








tions 

102 

38 

74 

65 

103 

75 



a Porms also found in Kansas and southward. 

Data for 1924, 1925, 1926 obtained from Nebr. Agr. Exp. Sta. Kes. Bui. 52. 


Nebraska in any one year have in most instances been found also in Kansas, 
Oklaboma, and Texas (2). 

Another striking relation is that the common or prevalent forms are 
rather akin to each other, varying in their reaction on 1 or 2 of the differ- 
ential hosts. Thus, forms 3, 18, and 36 differ only in their reaction on 
Kubanka, forms 10 and 39 on Marquis, 21 and 34 on Kanred, and 11 and 
15 where the type of infection on some of the differential hosts differs only 
in some minor degree. 

It is of interest at this point to compare the physiologic forms found in 
Nebraska and southward with those identified by Stakman, Levine, and 
Wallace (5) and Wallace (6). A direct comparison for the years 1926 



354 


Phytopathology 


[VoL. 23 


and 1928 can be made. In Nebraska forms 10, 11, 18, 34, and 36 were 
determined from 74 collections (Table 2). Stakman et al. from 8 collec- 
tions identified 3 physiologic forms, namely, 18, 21, and 36. In Texas they 
found 7 forms present, 11, 17, 18, 19, 21, 36, and 39. Prom 4 collections 
sent from Texas, Peltier and Thiel (3) obtained forms 11 and 10, a form 
closely allied to 39. 

Of the 7 forms detennined by Stakman et al. in Texas, 5 were found in 
Nebraska by both groups of workers, if we assume that forms 10 and 39 are 
akin. Although they did not find form 11 in Nebraska, it was determined 
by us to be one of the most widely distributed forms in the State. The fact 
that we determined this form from Texas material and again in Nebraska 
a number of times, using the same methods of identification, obviates the 
attempt of Stakman, Levine, and Wallace (5) and Wallace (6) to assign 
form 11, as determined by us, to form 32. 

In 1928 9 forms, 3, 10, 11, 12, 18, 21, 34, 38, and 56 were found in 
Nebraska. Stakman et al. identified 7 forms, 17, 21, 32, 36, 38, 39, and 49. 
Of the 8 forms found by them in Texas, 6 were identified from Nebraska. 
As in 1926, form 11 w^as found by Stakman et al. in Texas and Kansas 
but not in Nebraska, although it was identified from 9 collections by the 
writer. 

Thus, while the physiologic forms found in Nebraska and southward 
were not always the same as identified by others, enough of the same forms 
'were identified by both groups of workers to show that there is a move- 
ment of rust spores from the south into Nebraska. 

Popp and Craigie (4) report that the first definite spore showier of the 
season occurred over Manitoba on June 17, 1929, and it was apparently 
correlated wdth a sluggish low^-pressure area, responsible for a general air 
movement from the Mississippi Valley into Canada. At this time stem 
rust w^as present over all of Kansas and southward and over the greater 
part of Nebraska. A comparison of the physiologic forms found in Kansas 
and Nebraska with those later found in Canada should show some similarity 
if their contentions that spores present over Manitoba originated in this 
region. 

In Kansas and Nebraska the 2 widely distributed forms were 39 and 56, 
while Newton and her associates (1) found 36 and 49 to be the prevailing 
forms in Canada. A number of collections of forms 21 and 38 also were 
made. From 240 collections made in the 3 Prairie Provinces of Alberta, 
Saskatchewan, and Manitoba they isolated a total of 16 forms. 

Form 56, wddely distributed in Kansas and Nebraska, was found by 
them in Canada, while form 39, identified 35 times in Nebraska, was found 
only once in Canada. On the other hand, form 49, widely distributed in 
Canada, was not present in Nebraska. Form 36, also found a number of 
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times in Canada, was not present in Nebraska, unless we consider forms 18 
and 36 to be identical, as suggested by Wallace (6). Onlj?- 3 forms present 
in Nebraska and Kanasas in June \vere later found in Canada, so that the 
evidence of a spore shower occurring over Manitoba originated from spores 
in the winter-wheat belt is not conclusive, if it is based on the prevalence 
of the physiologic forms determined in the 2 regions. 

The evidence presented suggests that there is each year a movement of 
urediniospores from local overwintering centers in the south into Kansas 
and Nebraska. The amount and distribution of inoculum vary with the 
prevailing environmental factors each season. This movement can not as 
yet be traced with certainty, since inoculum also originates from infected 
barberries yet to be eradicated in these and other States in the winter- and 
spring- wheat areas of the Mississippi Valley. 

SUMMARY 

Intensive studies of the primary sources of wheat stem rust in Kansas 
and Nebraska, based on observations of the time of its appearance, amount, 
and distribution and on the annual occurrence of physiologic forms of 
Piiccinia graminis iriiici, were made in 1928, 1929, and 1930. 

In the majority of instances infected barberry bushes in northern Kan- 
sas were observed spreading P. graminis secalis to near-by grains and sus- 
ceptible grasses. In Nebraska only 1 infected bush was found spreading 
P. graminis triiici prior to the appearance of primary uredinia not directly 
traceable to barberries. 

Primary uredinia not traceable to barberries were found during the 
first week in June in Kansas and by the second week in southern Nebraska 
in 1929 and 1930. They appeared somewhat later in 1928. 

No estimable loss from wheat stem rust occurred in either State in any 
of the 3 years. 

The physiologic forms identified in Nebraska were found also in Kansas 
and southward in most instances. 

The evidence presented suggests that there is a movement of uredinio- 
spores from local overwintering centers in the south, into Kansas and 
Nebraska each season. The time of the appearance, amount, and regional 
distribution of this initial inoculum varies with the prevailing environ- 
mental conditions. 

The exact amount and distribution of wind-blown urediniospores reach- 
ing Kansas and Nebraska cannot be definitely determined, since inoculum 
also originates from infected barberries not yet eradicated in these and 
neighboring States. 
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THE TECHNIQUE OP ISOLATION IN MICROBIOLOGY 

SydneyDickinsoni 
(Accepted for publication July 8, 1932) 

INTRODUCTION 

For a number of years the value of reliable methods of single-cell isola- 
tion has been recognized in all branches of microbiology, but only recently 
has the essential need for accurate methods of single, particular cell isola- 
tion^ become apparent. There is, however, no one method satisfactory for 
all types of material; consequently, it is proposed to describe a number of 
methods, some of which are new, which will embrace all types of material, 
including bacteria and algae. It is proposed neither to describe methods, 
such as the double-plate method of isolating the sporidia of TilUtia tritici 
(Bjerk.) Wint. (4), which rely on the self ejection of the spore from its 
hymenium, nor to describe methods dependent on the growth-differentiating 
properties of chemical substances. Such methods as these are not, in gen- 
eral, sufficiently reliable for single, particular cell isolation. All the meth- 
ods to be described have a physical background and have been used and 
tested by the writer. 

These methods may be arranged according to the means employed in 
separating the cells, the one from the other, viz . : 

I. Cells separated by chance, usually in a volume of liquid, e.g., the dilu- 
tion and pipette methods, etc. 

II. Cells separated by design when lying in one plane, e.g., the dry-needle 
and Dickinson methods, etc. 

III. Cells separated by force, e.g., the microscissors method, etc. 

While the methods included in the first 2 sections are applicable to 
almost all types of material in which cells are not united, the dry-needle 
method is suitable only for relatively large, thick- wall cells, and the Dick- 
inson method is best suited for rather smaller cells. On the other hand, the 
methods included in the third section are adapted for dealing with all types 
of material whose cells are fastened together in filaments, plates, or masses. 

It is hoped to describe methods for separating nuclei of different kinds 
in coenocytic cells at a later date. 

I. CELLS SEPARATED BY CHANCE USUALLY IN A VOLUME OF LIQUID 

The original means of isolation were the ‘ dilution or ^^poured-plate|^ 
methods. While there are innumerable variations, these methods depend, 

1 Bockefeller Foundation Fellow at tlie University of Minnesota, on leave from the 
University of Wales. 

2 By single particular cell isolation is meant the isolation hy choice of single cells 
distinguished either by reason of their morphology or position of origin, etc. 
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in principle, on the making of an even suspension of cells of such a concen- 
tration that on an average one drop of the suspension will contain only one 
cell. This suspension is either made in agar before gelation and then 
poured in a thin layer in a Petri dish, or it is made in a sterile liquid. In 
the latter ease drops of the suspension are put at marked places on the 
surface of nutrient agar in a Petri dish. Incubation follows, and, as soon 
as possible after germination, the plates are examined under a microscope. 
Colonies that have arisen-— -as far as can be ascertained — from one cell and 
that are well separated from other colonies are then cut out from the agar 
and transferred to stock-culture tubes. 

In the case of bacteria, owing to the advisability of determining at once, 
by direct observation, the presence of an isolated cell, films are made either 
of agar or of gelatin in various ways on cover slips, etc., or, as in the modi- 
fied Burri^s method (22) on celluloid strips with Indian ink. One drop of 
a suitable dilute suspension is placed on the agar film or mixed with the 
Indian ink, and a microscopic examination is made at once to determine 
. whether the isolation of a cell has been achieved. Topley, Barnard, and 
Wilson (28), after covering the isolated bacterium with a mercury droplet, 
exposed the film to ultra-violet light and so killed the rest of the bacteria. 

To help recognition of the mieroiscope field during and after incubation, 
0rskov (21) scratched his cover slips wfith a diamond, and Gardner (13) 
used ash prepared by burning a loopful of serum. To facilitate the removal 
of agar blocks containing isolated cells or colonies, Keitt (18) has devised 
two instruments, while Ezekiel (12) has suggested modifications of his 
method. One of these tools is designed for the cutting out of cylinders of 
agar and the other for lifting these cylinders out of the surrounding agar 
and transferring them to the stock culture tubes. The instrument used by 
Sass (25) served for both these purposes. La Kue (19) has invented a 
cutting out’’ device which is screwed into the nose-piece of a microscope. 
This enables the agar cylinders to be quickly and easily delimited. With 
bacteria, 0rskov (21) used a ‘"harpoon” method for subculturing the 
growth of single-cell colonies from his agar films, while Gardner (13) 
improved this method by arranging for the whole process of subculturing 
to be carried out under microscopic observation. A review of the four most 
practical and widely used methods in bacteriology has recently been made 
by Stoughton (27). 

The chief objections to the dilution method and its variations are: 
firstly, that there is no absolute guarantee of the origin of a colony from a 
single cell, unless the growth has been continuously observed under the 
microscope; secondly, that single cells only are isolated; and lastly, that a 
considerable amount of time and labor is consumed. 
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The first step in the direction of greater reliability was the “Barber 
pipette” method (2). Originally this was devised for use with bacteria, 
but it has been applied with success to fungi, algae, etc. Described first in 
1904, in principle it consisted in the taking up of a single cell (or bac- 
terium) from a drop of liquid on a cover slip inverted over a modified van 
Tieghem cell into a micropipette under the microscope. The end of the 
pipette containing the drop of liquid was broken off and dropped into a 
flask or tube containing a sterile nutrient medium. The chief difficulty in 
this method is the cleansing and greasing of the cover glasses, so as to allow 
small enough water drops to be formed. A recent and full description of 
this method has been written by Gee and Hunt (14). ’While it is reliable, 
though slow and difficult, for bacteria, it can not be used to any great extent 
where single particular cells are to be isolated. Edgerton (11) has modified 
the Barber pipette method in using a closed capillary, and so, isolated single 
ascospores or asci of G-lomerella dngulata. The spores were sucked into the 
capillary and ejected by the application of ether and heat, respectively, to 
the closed end of the pipette. Kecently, Craigie (7) has described a method 
of catching the sporidia of rust fungi, as they are produced, by means of a 
pipette for this purpose. Ashworth (1) , likewise, has used a pipette method 
for the same type of work. 

Schouten (26), somewhat later than Barber, described a method that 
requires as the vehicle of isolation the film of liquid formed across a loop 
of very small dimensions. Owing to the difficulties of making such a loop, 
the method has not been adopted extensively by bacteriologists, but an 
extension of the method, using larger loops, has been used with success by 
Dunn, w^orking with spp. (10). 

II. CELLS SEPARATED BY DESIGN WHEN LYING IN ONE PLANE 

Now it will be appreciated that the isolation of the separate cells by the 
methods previously mentioned has depended upon use of a liquid in which 
the cells are separated in a haphazard manner. 

"When the cells to be isolated are relatively large and dry, e.g., spores, 
the most satisfactory method is that known as the dry-needle method, de- 
scribed by Hanna (15). This method depends on the fact that a spore 
will adhere to the point of a dry needle, although (Hanna used a steel 
needle) the reason for adhesion is not clearly understood. Hanna showed 
that it was not the ordinary electrical phenomenon of the attraction of 
oppositely charged particles. It may be that spores, unless specially dried, 
have a surface film of water (or mucilage) and that the adhesion is due to 
surface tension. In the writer’s experience, absolutely dry spores will not 
adhere to a dry needle in a dry atmosphere. They will adhere, however, 
if there is a very small drop of water at the needle tip. 
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In practice the material — in Hanna’s case, basidiospores from a gill of 
Coprinns— is allowed to fall or is dusted onto a microscope slide. The 
needle point is brought up to a suitable spore by hand under the microscope. 
The spore adheres to the needle, and it is then rubbed onto the surface of the 
agar in a test tube. The lower limits of size of spores for this method are 
about 20-30 {j. (Pig. 1, A.) 

For wet material or for very dry spores, it has been found best to place 
a small mass of the material on a microscope slide and to add a drop of 
sterile water. Then, using a low-power microscope and two mounted steel 
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needles, a cell is separated from the mass, and pushed out of the drop of 
water along the surface of the microseope slide. A small drop of water 
will be carried with the cell. This drop of water is allowed to evaporate 
almost entirely, and the cell may then be picked off by a dry needle point. 
This method can be used only under a low-power microscope and requires 
a certain delicacy of touch in handling the needles. (Pig. 1, B.) 

For small cells, from 30-20 [x down to the limits of microscopic vision, 
the most satisfactory method appears to be the Dickinson method (8, 9). 

In practice, the method consists in ‘^carrying’’ the cells by means of a 
fine glass rod from their original position on the surface of an agar drop 
on a cover slip to the opposite side of the agar drop. The new positions are 
marked by slits made in the agar surface with the glass rod. (Fig. 1, P.) 
The pieces of agar containing the isolated cells are cut out and then trans- 
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f erred to stock culture tubes with a sterile scalpel. The movement of the 
fine glass rod is controlled by some mechanical device (see later), while 
the cover slip is inverted over a crescent-shape van Tieghem cell fastened 
to a microscope slide (Fig. 2, C), and this is moved by hand or by a 
mechanical stage. 

This method is suitable for the separation and isolation of particular 
cells in a growing culture because it allows the separation of a particular 
cell, without altering the relative position of any of the neighboring cells, 
no matter how close they may be to the required cell. (Fig. 1, E.) That 
this method is speedy is shown by the fact that it is comparatively easy to 
isolate between 100 and 200 single cells (average length of longer axis 10 |j) 
in 8 hours. 

The principle involved in this method is the utilization of the column 
of water that can be formed betw^een a glass rod and the film of water on 
the surface of agar. The reason that a cell can be carried along in such a 
column of water is that the direction of the applied force, i.e., the edge of 
the water column, is nearly parallel to the place of motion. When the 
column of water is very short, the direction of the applied force is at an 
angle to the place of motion. In such a case the surface tension of the 
water column surface is not sufficient to overcome the friction betw-een the 
cell and the agar, and, in consequence, the cell is left behind. (Fig. 1, C, 
andD.) 

Theoretically, a cell can not be picked off the agar by the glass rod unless 
the diameter of the rod is rather more than 3 times the longer axis of the 
cell. This has been verified by experiment. What happens when a cell is 
picked off onto a glass rod is that, with a rod of sufficient diameter, there is 
room for the cell to sink (by gravity) to the top of the rod. When the 
column of water is lengthened by the wuthdrawal of the glass rod, the cell 
is not drawn back onto the agar surface. In the case of a glass rod of insuf- 
ficient diameter, while the cell may sink to the top of the glass rod at first, 
when the column of water is lengthened by the withdrawal of the rod, the 
cell is drawn back onto the agar surface, as there is not enough room for it 
on the top of the rod. It should be realized that the glass rod takes off only 
a water drop of a maximum volume equal to a hemisphere whose diameter 
is equal to that of the rod itself. (Fig. 1, C and D.) 

Hanna (16) has amplified the original description of this method and 
has advocated, by using a glass rod of sufficient diameter, the picking off of 
the cells from the original agar drop on the surface of a cover slip and trans- 
ferring them to a fresh agar drop. For such picking off of the cells, it is 
best to use a glass rod whose diameter is at least 5 times that of the longer 
axis of the cell. The writer uses the carrying of the cell in the column of 
water to another part of the agar for thin-wall cells (Fig. 1, C) and the 
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picking-off procedure for tMck-wall cells. (Fig. 1, D.) The better proce- 
dure is, in general, the carrying rather than the picking off of the cells, 
because there is usually an appreciable number of cases of damage to the 
cells when they are picked off. It is thought that this is largely due to 
the evaporation of the surrounding water drop. As regards speed and ease 
of use, there is very little advantage in either procedure. 

In order to be able to pick off cells easily, there must have been very little 
evaporation from the agar surface. To guard against this, Hanna advo- 
cated the use of small drops of agar on the surface of cover slips kept, when 
not in use, inverted on van Tieghem cells in Petri dishes lined with moist 
filter paper. (Fig. 2, A.) In the carrying procedure, the writer usually 
employs larger agar drops (about 2 cm. in diameter) and keeps them under 
less humid conditions on cork strips in Petri dishes lined with damp filter 
paper. (Fig. 2, B.) 

It is not usually possible to isolate more than about 30 cells on an agar 
drop when using the carrying procedure. But where a greater number is 
required, the writer, after transferring the agar pieces containing the 
already isolated cells to stock-culture tubes, adds fresh agar to the cover slip 
and proceeds to carry more cells onto this new agar, etc. The only care, 
besides precautions against contamination, is to see that the surfaces of the 
old and fresh agar are level. It is as easy to pass from old to fresh agar 
as it is to pass from one part of an agar surface to another. It is not, how- 
ever, in general, easy to pass over any place where the agar surface has 
been cut. 

III. CELLS SEI^ARATED BY FORCE 

The isolation of parts of filaments or masses or of any particular cell 
from a hypha or from cell tissue is complicated, as Harder found (17), by 
the need for separation as well as for isolation. As regards the separation 
or cutting out of a cell from a hypha, this is easily done by using a plati- 
num wire (diameter 0.0003 in.) heated by a weak electric current (Fig. 2, 
D, for method of mounting wire). This cannot, in general, be advised be- 
cause of the danger of damaging the wunted cell by heat (c/. Barnes, 3), 
but it has been used with success in separating the clamp-connection cells 
in Coprinus spp. Another method of cutting out single cells of hyphae is 
by means of a small piece of a razor blade, suitably mounted in a micro- 
manipulator or isolator. The film of agar on which the hypha rests must 
be very thin, as there must be a hard surface against which the razor blade 
can press. As soon as a thin film of this sort is used, there comes the diffi- 
culty of guarding against the drying out of the film, as well as the preserv- 
ing of the adjacent hyphae in statu quo. Lindegren (20) used a tool in 
the form of a Dutch hoe, made from chrome! wire, for the cutting out of 
single ascospores from the asci of Neurospora. He was able to cut the 
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ascus wall with, this tool because his material was dried and was lying 
directly on a glass cover slip. 

For the isolation of parts of filaments, Bro-wn’s ‘‘hyphal-tip’’ method 
(5) is commonly employed. This, in essentials, is a modification of Edger- 
ton's pipette method. It consists in the cutting out, by means of a fairly 
fine glass tube, of a cylinder of agar containing one hyphal tip under the 
microscope and then the blowing out of the agar from the glass tube into 
a stock-culture tube. This method, provided the hj^hae are spaced suffi- 
ciently far apart and provided not toO' small a diameter tube be used, is 
both quick and easy. It is, however, limited in scope to the tips of growing 
hyphae. Harder (17) was successful in separating the clamp cells and 
basal cells in Pholiota. He killed one or the other of the component cells 
of the developing clamp connection by piercing them with a fine glass rod. 
He then isolated this cell by dragging away all the other filaments in its 
neighborhood. This procedure is not generally applicable and requires a 
high degree of skill. 

The method devised by the writer is based on a suggestion made by E. 
C. Stakman and consists in cutting the hyphae in two with a pair of micro- 
scissors attached to a micromanipulator or isolator. The blades of these 
scissors are made of small pieces of an ordinary razor blade. They are 
mounted at the ends of circular steel rods. One of the blades moves by a 
rack-and-pinion movement past the other blade, parallel to the microscope 
stage. The other blade can be adjusted as to its height above the micro- 
scope stage, as well as its angle to the perpendicular. The result is that the 
blades can be adjusted so that their tips are on the same level and that these 
tips come in contact only when the movable blade passes the stationary one. 
(Pig. 2, E.) In addition, the pressure between the tips of the blades, on 
contact, can be adjusted. 

The above-described adjustments are important because there is always 
a tendency for h3q)hae to slip between the blades or between one blade and 
the agar, rather than to be cut in tw^o. Again, the tips of the blades have 
to be ground to the finest possible point, or about 5-10 |j in diameter. In 
general, it is possible only to cut hyphae growing on the surface of agar, 
but they can be cut with accuracy and without disturbing them, at all, pro- 
vided the tips of the blades be ground to a really fine point. It must be 
emphasized, however, that the adjustment of the blades relative to one an- 
other is most important. 

After the microscissors have been used for some time, it becomes neces- 
sary to clean the tips of the blades from adherent bits of agar. This is most 
easily done by regrinding the points. A couple of strokes along the oil- 
stone with each surface is usually sufficient for the purpose. 
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In practice, the material is placed or is grown on agar drops on cover- 
slips similar to those used in the isolation of small separate cells (Section 
II). After deciding on an individual hyphal cell, or, for that matter, a 
cell formed by the anastomosis of 2 adjacent hyphae, it is perfectly easy 
to separate this wanted cell by cutting the cells on either side of it. (Pig. 
2, P.) Having completed the separation of the required cell, it is neces- 
sary to isolate it. This can be done with cells up to about 20 p long with 
a glass rod, using the Dickinson method of isolation. Care, however, is 
necessary, because the cell ought not to be bent at all. While no case of 
mechanical damage has yet been proved to have occurred, the possibility 
must always be kept in mind. It seems best to use the earrying rather than 
the picking-off procedure because, in the latter, there is, first, the danger of 
drying out, and second, the cell walls at each end of the required cell are 
liable to stick to the glass rod, thus making it difficult to free the cell from 
the glass rod. While the transport of single hyphal cells is comparatively 
easy, when they are only about 20 p in length, it becomes a matter of con- 
siderable difficulty in Coprinus spp., for example, where the cells are much 
longer. In such a case a satisfactory method seems to be to grip a piece of 
dead adjacent cell between the scissor blades and drag the cell along the 
surface of the agar until it is on a fresh part of it. 

Micrommipulaiofs,^ etc. Numerous machines hvae been used or de- 
scribed by various workers (6, 16, 23, 24, etc.) for handling the pipettes, 
needles, glass rods, microscissors, etc,, but it is not proposed*to enter into 
a description of these various machines nor comment on their suitability. 
It must be pointed out, however, that there is no necessity to use a micro- 
manipulator or isolator, except where material of small size is involved. 
The essentials required of a machine are to-and-fro and back-and-forward 
movements, in order to center the particular tool, and a fine vertical move- 
ment. The last is the most important of the three. 

The writer has used and taught to students single-cell isolation with the 
following device, which requires no special apparatus at all. The mate- 
rial from which spores are to be isolated is placed on an agar drop on a 
cover slip, which is then inverted over a hole (Fig. 3, A and B) cut in a 
microscope slide. This slide is placed on the mechanical stage of the micro- 
scope with the hole — about # inches diameter — directly over the eondenser, 
(Pig. 3, D.) It is possible with delicate handling to manage without a 
mechanical stage. A cover slip is put on the top of the condenser and bears 
an L-shape glass rod, the vertical arm of which tapers to a fine point and 
is fastened to the cover slip by Plasticene. (Pig. 3, C and D.) The 
tapered tip of the glass rod is centered by hand, or may be centered by the 

s The machine used hy the .author is manufactured and marketed by Messrs. C. Baker 
& Co., 244 High Holborn, London, England. 
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Fig. 3. How to obviate the use of a micromanipulator. 


condenser centering screws, if they be present, and is then raised or lowered 
by means of the condenser rack-and-pinion movement. The actual han- 
dling* of the spores, etc,, is done by nsing either the dry-needle or the Diek- 
inson method. 

SUMMARY 

A number of methods for the isolation of single cells have been men- 
tioned and the principles underlying them compared. Those methods that 
allow the isolation of single particular cells have been described in detail. 
It is pointed out that for such isolation of medium and large-size separate 
cells, no special apparatus, other than a microscope, is required. 

University of Wales, 

Cardiff, Wales. 
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GIBBERELLA MONILIFORMIS ON COEN 

B. K. V00B.HEES1 
(Accepted for publication June 11, 1932) 

INTRODUCTION 

Peritlieeia of Gihberella moniliformis (Sheld.) Wineland are produced 
on corn-leaf slieatlis under natural conditions in Florida. The imperfect 
stage of this fungus, commonly referred to as Fusarium moniliforme Sheld., 
is a parasite on corn throughout the world (1, 2, 3, 7). In the southern 
part of the United States, where the climate is warm and humid during the 
latter part of the corn-growing season, the disease caused by this fungus is 
very destructive. In Florida the annual reduction in yield caused by G. 
moniliformis is estimated at 5 per cent of the corn crop. 

This report deals with a description of the symptoms of the above-men- 
tioned disease, as it was observed in the favorable environment of Florida, 
and studies pertaining to the characteristics of the causal organism, its 
pathogenicity, and the natural occurrence and artificial production of its 
perfect stage. 

SYMPTOMS 

In Florida, after corn plants have matured and the leaves begin to dry, 
the leaf sheaths and culms of many plants become covered with the pink 
spore masses of the Fusarium stage of the fungus, and the growth of the 
organism in the stalks sometimes so weakens them at the lower nodes that 
they are easily broken by the wind. Ear worms, which tunnel through the 
husks and shanks or enter the ears at exposed tips, open a pathway for the 
parasite to enter, resulting in moldy kernels adjacent to those damaged by 
the insects. Sometimes, all of the kernels of a diseased ear are covered with 
mycelium of the fungus, but usually the infected ears show no external signs 
of the disease and it is detected only when the kernels are tested in a ger- 
minator (Fig. 1, A). The damaged kernels either fail to germinate or pro^ 
duce weak seedlings that become covered with pink spore masses of the 
fungus. 

The disease was observed in seedlings grown in sterilized soil inoculated 
with the parasite. The tops of infected seedlings turned yellow and wilted 
and the roots and.mesocotyls became brown and shrunken (Fig. 1, B). In- 
fection resulted either in the death or a stunting of the growth of the plant. 

AG-ratef-ul acknowledgnieiit is made to Dr. A. H. Eddins for Ms criticisms and 
suggestions. 
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Fig. 1. A. Contrast between kernels naturally infeeted with Gibherella monili- 
formis (left) and disease-free kernels after 7 days^ exposure in a rag-doll germinator. 
B. Seedlings grown in sterilized soil inoculated with G. moniliformis (left), and a seed- 
ling grown in sterilized noninoculated soil. 

CAUSAL ORGANISM 

Morphology 

The morphological characteristics of the imperfect and perfect stages of 
Gibber ella moniliformis growing on ears and stalks of corn and on potato- 
dextrose agar in pure culture were studied. With a few exceptions these 
eharacteristics were similar to and, in some cases, identical with those 
described by Sheldon (6) and Wineland (8). The main differences found 
are pointed out below. 

Mycelium. Aerial and submerged mycelium ranged from scanty to 
medium dense and from dirty white to deep rose pink and pale hortense 
violet (4). The hyphae were hyaline, septate, and branclied. On the host 
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the myceliiim and spores of the fungus appeared as a white to pink felty 
mass.'' 

Comdia, The simple and branched conidiophores formed at the tips 
and lateral branches of hyphae bore the microconidia either singly in long 
chains, or in heads or clusters. Microconidia from corn-leaf sheaths mea- 
sured 6-15 X 2.5-5 p, averaging 10.5 x 4.2 p, and those formed on potato- 
dextrose agar in culture measured 4.5-12 x 2.5-4.5 p, the average being 
8.9 X 3.4 p. The spores germinated within 12 to 24 hours in tap water at 
room temperature, and during germination they swell, usually become 1 to 

2- septate, and send out a germ tube from each or only one of the cells. 

The macroeonidia are borne on aerial mycelium, in pseudopionotes or 
sporodoehia. The spores are somewhat curved, especially near the apex, 
slightly constricted at the septa, and are 3 to 5-septate, the 3-septate spores 
predominating. Mature macroeonidia from host material measured 26-55 x 

3- 5 p, averaging 41.1 x 4.3 p, and those from potato-dextrose agar measured 
24-40 x3-5 p, the average being 31.5 x 3.7 p. Upon gei^mination the spores 



Fig, 2. Gamer a-lucida drawings of fruiting structures of the perfect and imper- 
fect stages of Qi'b'berella moniliformis. A. Typical peritheeium, asous, and ascospores 
produced on cornstalks. B. Microconidia and macroeonidia produced on the host plant 
and potato-dextros© agar: 1, Typical mieroeonidiaj 2, germinating microconidia; 3, 
typical macroeonidia; 4, germinating macroeonidia; 5-7, various types of conidiophores; 
8-9, clnsters of microconidia at tips of conidiophores and along the mycelium. 
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swell and usually become more septate and more constricted at the septa. 
The germ tubes may form from one or both ends of a spore and become 
septate and branched (Fig. 2, B). 

Perithecia. Perithecia produced in pure culture on potato-dextrose 
agar were scattered or gregarious, free on the surface of the medium or 
embedded in the mycelium, and measured 250-300 x 300-350 ja (Pig. 3). 
Perithecia on cornstalks were scattered or gregarious, erumpent or free on 
the surface, and measured 210-300 x 275-380 p (Pig. 3, D). 

Ascospores. Each ascus contained 8 aseospores arranged irregularly in 
2 rows. The spores were almost straight, rounded at the ends, and con- 
stricted at the septa, 1-3 septate, the 1-septate predominating (Fig. 3, B). 
Aseospores from host material and culture media were practically the same 
size, as those from corn leaf sheaths measured 12-20 x 4-6 p, averaging 
15.3 X 5 jj, while those from potato-dextrose agar measured 14-20 x 4-5 p, 
averaging 17.5 x 4.7 p (Fig. 2, A). 

Taxonomy 

The color of the substratum, formation of microeonidia in chains, pre- 
dominance of 3-septate macroconidia, and sizes of the 2 conidial spore 
forms of the imperfect stage of the causal fungus identified as Fiisanum 
Momliforme agree with Sheldon’s description (6) of this organism. 

The size and shape of the perithecia, asci, and ascospores, absence of 
paraphyses, and the predominance of the l-septate ascospores of the fungus 
also agree with Wineland’s (8) descriptions of these characters for Gih- 
herella moniliformis^ the perfect stage oi Fusarium moniliforme. 

Macroseopically, the perithecia of Gibherella moniliformis are very 
similar to those of G. sauhinetii (Mont.) Sace., another species, common on 
corn and wheat in the North. Perithecia of both species are scattered or 
gregarious and have a bluish appearance. Microscopically, the 2 species 
are separable on the basis of certain morphological characters. According 
to Wineland (8), the straight, usually 1-septate ascospores of G. monili- 
formisj constricted at the septa and rounded at the ends and measuring 
15-19 x 3.9~4.8 p, contrast sharply with the curved, 3-septate ascospores of 
G, sauUneiiif scarcely constricted at the septa and pointed at the ends and 
measuring 18-24 x 4r-5 p, as given by Saccardo (5) . The macroconidia of 
the 2 species are similar in some respects and at times are difficult to differ- 
entiate. According to Sheldon (6), the macroconidia of G. momliformis 
are falcate, acute, usually 3-septate, and 25-40 p long. Those of (?. sau- 
Imeivi nxt fusiform, curved, acute, apiculate, 5-septate, measuring 24- 
40x5 p, as given by Saccardo (5). The microeonidia ot G. moniliformis 
are abundant, while those of G. scmbmetU axe very rare. 
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Production of the Terithecial Stage 

Perithecia of Gihherella moniliformis have been found in Florida, occur- 
ring naturally on corn leaf sheaths. "Wineland (8) produced peritheeia of 
this fungus in pure culture by planting paired microconidial cultures of 
Fusarium moniliforme on media and also by combining 2 single-ascospore 
cultures. 

In the present investigations 6 multisporous cultures originating from 
microconidia and macroconidia of Fusarium moniliforme were grown singly 
and in paired combinations with each other on potato-dextrose agar in Petri 
dishes. At the end of 65 days peritheeia of Gibherella moniliformis were 
observed in 4 dishes in which paired cultures had been planted and were 
present only in that area on the agar where the cultures had grown in con- 
tact with each other. No peritheeia were formed in dishes devoted to single 
cultures. 

In July, 1931, cornstalks were inoculated with 9 multisporous conidial 
cultures of Fusarium moniliforme, singly and in paired combinations. This 
was done by making an incision about 2 in. long in the 4th or 5th internode 
of a stalk with a downward stroke of a scalpel. Two corn kernels, each 
having the same or a different culture of the fungus growing on it, were 
then inserted into the incision and then wrapped with a strip of nursery- 
man’s tape. At the end of 30 days a single culture and 7 of the combina- 
tion cultures had formed peritheeia of CKbloerella moniliformis on the inocu- 
lated stalks (Pig. 3, D). 

In September, 1931, 18 corn leaf sheaths bearing numerous peritheeia 
of Gihierella moniliformis were colleeted and a single ascospore from a 
single perithecium from each sheath was planted in a Petri dish or a test- 
tube containing potato-dextrose agar. At the end of 20 days several of 
these single-ascospore cultures produced peritheeia, and within 30 days 15 
of the 18 cultures had produced peritheeia (Fig. 3). Single ascospores 
from peritheeia produced in these cultures were planted and grown on 
agar and each produced peritheeia abundantly, as well as microeonidia and 
macroconidia. 

Thus, it is demonstrated that the mating of the proper conidial cultures 
results in the production of peritheeia, that a single conidial culture may 
form peritheeia, and that the majority of single-ascospore cultures produce 
fruiting bodies of the perfect stage. 

PHYSIOIiOGY 

Growth on Media. The fungus grew well at 30® C. on potato-dextrose, 
oatmeal, rice, cornmeal, and Lima-bean agars. The microconidia and 
macroconidia varied greatly in size on the same media, as well as on differ- 
ent media. Microconidia were produced abundantly on all of the different 
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media, while maeroconidia were abundant only on potato-dextrose and 
oatmeal agars 

Reldtion of T OMpeTdtuTe to Spore GeTmiuG/tio'i^. Mieroconidia were ger- 
minated in water in drop cultures exposed to temperatures ranging from 
5 to 39° C. in electrically controlled incubators. As noted in table 1, the 
optimum temperature for germination at the end of 24 hours appears to be 
at or near 30° C. Only 5 per cent of the mieroconidia exposed for 7 days 
at 11° C. germinated, while no germination occurred at 8° C. during the 
same period, thus showing that the minimum temperature for germination 
lies between 8 and 11° C. The maximum was not ascertained but would 
seem to lie between 35 and 39° C. 

TABLE 1. — Percentage of germination of mieroconidia of Gihherella moniliformis 
exposed to different temperatures for $4 hours 


Temperatures in degrees Centigrade 6 8 11 13 18 25 30 35 39 

Percentage of germination 0 0 0 0 8 25 42 15 0 


Relation of Temperature to Mycelial Growth, A series of 90 plates of 
potato-dextrose agar were inoculated in the center with uniform bits of 
fungous mycelium, and 10 plates were incubated for 5 days at each of 9 
different temperatures ranging from 10 to 39° C. The diameters of the 
colonies were measured at the end of 1, 3, and 5 days, and the average 
diameter of the 10 plates at each temperature is presented in table 2. The 
optimum temperature for growth in this test was close to 30° C., the mini- 
mum between 10 and 14° C., and the maximum between 35 and 39° C. 

Relation of Hydrogen-ion Concentration to Mycelial Growth, Giiher- 
ella moniliformis was grown on a 2 per cent potato-dextrose agar adjusted 


TABLE 2. — Belation of temperature to rate of mycelial growth of Gihherella 

moniliformis 


Degrees C. 

Average diameter of colonies in centimeters 

One day 

Three days 

Five days 

10 

0 

0 

0 

14 

0 

1.7 

2.5 

19 

1.0 

3.1 

4.5 

24 

1.3 

4.2 

6.4 

28 

1.6 

5.3 i 

7.2 

30 

1.7 

5.6 

8.4 . 

33 

1.4 

3.5 

5.3 

35 

0 

1.9 

3.0 

■ 39,'; 

0 

0 

0 
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to 9 different hydrogen-ion concentrations. Five test-tubes, each contain- 
ing 15 cc. of this medinm, were used for each concentration, and the concen- 
trations used ranged from pH 2.1 to 8.1. The adjustments were made by 
adding the required nximber of drops of 2N and N/2HG1 and N/2 NaOH, 
the determinations being made with a Yonden Hydrogen-ion Concentration 
Apparatns. After the medium was adjusted it was poured into Petri 
dishes, inoculated in the center with uniform bits of mycelium, and exposed 
to a constant temperature of 30° C. for 6 days. According to the increase in 
diameters of the colonies, as given in table 3, the reaction most favorable 
for growth was pH 8.1, which probably is very near the optimum. Growth 
was slow at pH 2.6 and was inhibited at pH 2.1. 


TABLE 3 . — The relation of hydrogen-ion concentration of potato-dextrose agar to the 
rate of mycelial growth of Gibherella moniliformis at 30° C. 


pH 

Average diameter of colonies in 

1 , 

centimeters 

Two days 

Four days 

Six days 

2.1 

0 

0 1 

0 

2.6 

0 

0 

1.5 

3.6 

1.3 

2.3 

3.5 

4.2 

1.8 

3,2 

5.5 

4.8 

2.3 

4.3 

6.8 

6.4 

2.5 

5.3 

7.8 

6.7 

2.9 

5.8 

8.6 

7.1 

3.1 

6.1 

8.9 

8.1 

3.2 

6.3 

9.0 


Pathogenicity 

Bars of corn in Florida are seldom found free from infection with Gih- 
terella moniliformis. It usually occurs in or on the kernels, and, when 
other organisms are present, G, moniliformis is usually present also. 

In January and February, 1931, a test was made to determine the effect 
of the presence of Gilberella moniliformis on the viability of kernels of 
seed ears of 4 varieties selected from the 1930 crop. This test was made by 
removing 10 kernels from each ear and growing them in a modified rag-doll 
germinator. The results are given in table 4. The ears classified as having 
all strong kernels were those whose kernels formed radicles and plumules 
of normal size. Ears classified as having w^eak kernels were those whose 
kernels developed small pumules without radicles, small radicles without 
plumules, or plumules and radicles much smaller than strongly-germinating 
kernels. Ears with dead kernels were those whose kernels did not form 
radicles and plumules. Gibherella moniliformis was present on all dead 
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TABLE 4. — The effect of GMerella moniliformis on the viability of corn kernels 
germinated in a modified rag doll 





Percentage of 

ears showing 


Variety 

No. 

ears 

tested 

All 

strong 

kernels 

One or 
more weak 
kernels 

One or 
more dead 
kernels 

One or 
more weak 
and dead 
kernels 

WLatley 

229 

35 

33 

20 

12 

Tisdale 

Cuban Yellow 

78 

56 


16 

i 

12 

Elint 

PowelLs White 

64 

54.5 

20.6 

1 11.6 

13.3 

Dent 

243 

60.8 

26 

i 8 

1 

. 5.2 


kernels, all those that were weak, and on most of those that showed a normal 
germination. Since the only^ organism present was G. moniUf ormis, it is 
reasonable to assume that it was responsible for the death and reduced vigor 
of the seed. Its presence on the kernels that germinated indicates strongly 
that there are nonpathogenic strains of the fungus. 

Kernels from ears that germinated 100 per cent in the modified rag-doll 
germinator were surface sterilized in a 1 : 1000 bichloride of mercury solu- 
tion and planted in sterilized soil inoculated wdth pure cultures of Gih- 
berella nionilif ormis growing on sterilized corn meal. At the end of 8 days 
after the seedlings emerged from the inoculated soil their tops were yellowed 
and wilted, and the mesoeotyls and roots invaded by the fungus were brown 
and shrunken. In most cases infection resulted in the death of the plants 
within 2 weeks after their emergence from the soil, and seedlings that were 


TABLE 5. — Yields of corn from good seed and seed weakened hy infection with 
Gibherella moniliformis in Florida in 19^9 and 1930 


Year 

j 

Location 
of expert- i 
ment 1 

... , 

Number 
of repli- 
cations 

Yield per acre 

Difference per 
acre due to 
good seed 

! Good 
seed 

Seed weakened 
by G. monili- 
formis 

' ' i 




Bu, 

Bu, 

1929 1 

Gainesville 

10 

21.2 

16.1 

+ 5.1 

, 

Quincy 

8 

48.3 

44.8 

+ 3.5 


Campbellton 

10 

17.8 

17.2 

+ 0,6 

1930 

Gainesville 

■ 8' 

11.9 

1 12.1 

-0.2 


Quincy i 

■ 

54.9 

1 49.4 

' +5.5 
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not killed were mncli retarded in growth. Plants grown in noninoeiilated 
soil had healthy roots and a normal top growth. 

Experiments were conducted in 1929 and 1930 to determine the effect 
on the yield of plants grown from seed weakened by infection with Gih- 
berella moniliformis. Such seed, w%en tested in the germinator, showed 1 
or more weak kernels but never more than 1 dead one out of each 10 from 
each ear used. The good seed germinated 100 per cent strong. The yields 
in 1929 were obtained from 1-row alternating plots 50 ft. in length, repli- 
cated. Yields in 1930 were obtained from the center row of alternating 
3-row plots, also replicated. The results, as reported in table 5, show that 
seed weakened by infection from G. moniliformis yielded less on the whole 
than did good seed. The reduction in yield ranged from - 0.2 to 5.5 bu. 
per acre. 

SUMMARY 

Gibberella moniliformis is one of the most prevalent corn-seed parasites 
in Florida. The outstanding symptoms of the disease caused by it are 
discussed. 

The morphological characters of the imperfect and perfect stages of the 
species of Gibberella investigated agree with the original descriptions given 
for Fnsarium moniliforme Sheld. and G. moniliformis (Sheld.) Wineland. 

The perfect stage was found occurring naturally on corn and was pro- 
duced on media in pure culture by pairing multisporous cultures derived 
from microconidia and macroconidia and also by inoculating eornstalks 
with multisporous cultures singly and in combination. Single-ascospore 
cultures isolated from corn-leaf sheaths produced perithecia abundantly. 

The fungus grew well on standard culture media but did best on potato- 
dextrose agar, in which it produced both microconidia and macroconidia 
abundantly. 

Microconidia of G. moniliformis germinated in water at temperatures 
ranging between 11 and 35° C., the optimum being close to 30° C. In 
pure culture on potato-dextrose agar the minimum temperature for my- 
celial growth of the organism is between 10 and 14° 0., the maximum lying 
between 35 and 39° C. and the optimum near 30° C. 

Growth did not occur on potato-dextrose agar at pH 2.1, and the fungus 
grew^ best at pH 8.1. The optimum, however, may lie above this, as it was 
not grown on media at higher concentrations. 

Modified rag-doll germination tests of seed ears showed that (?. monili- 
formis either weakened or killed the kernels or had no effect on them. The 
roots and mesocotyls of corn seedlings grown in sterilized soil inoculated 
with G. moniliformis were invaded by this organism and the plants either 
died or were retarded in growth. In plot tests conducted in 1929 and 1930 
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the yields from seed infected with this organism w^ere reduced from - 0.2 
to + 5.5 bu. per acre. 

Florida Agricultural Experiment Station, 

Gainesville, Florida. 
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THE PEODUCTION OF A WHITE FERTILE SALTANT OF 
HELMINTHOSPORIUM SATIVUM BY MEANS OF 
ULTRA-VIOLET RADIATION^ 

F. J. Greaney and J. E. Machacek 
(Accepted for publication July 18, 1932) 

Most of the previous investigations on the effects of ultra-violet radia- 
tion on fungi have been concerned with the effect on sporulation and with 
the determination of the fungicidal action of these rays. As far as the 
writers are aware, there is no published account of saltation having been 
induced by this means.^ The purpose of the present paper is to give the 
results of studies undertaken to determine the effect of ultra-violet light 
on the rate of growth and on the frequency of saltation in Helmin- 
fhosponum sativum Pammel, King, and Bakke. 

The strains of HelmintJio'spornmi sativum investigated were isolated 
from diseased parts of cereal plants in 1930 and 1931. Single-spore isola- 
tions were made from stock cultures. From these monosporous cultures 
subcultures were made on plates of Bacto potato-dextrose agar (20 ce. per 
plate). The subcultures were placed in a dark incubator maintained at 
from 22°-24:° C. and allowed to grow for 3 days before irradiation was 
begun. 

The source of the ultra-violet light used in these studies was a quartz 
mercury-arc lamp (Alpine Sun Lamp, A.C. equipment, 110 volts, 60 cycle). 
The exposures were made at a distance of 35 cm. from the arc. The cul- 
tures were irradiated for a l-minute period on 3 successive days. In 2 
experiments a number of 3-day-old cultures were irradiated through ordi- 
nary Jena Petri-dish lids, while others were irradiated through vitaglass 
covers. The vitaglass covers were sterilized before substituting them for 
the regular Petri-dish lids. Control cultures were held for an equal length 
of time in the diffused light of the laboratory and at the same temperature 
as the irradiated cultures. Several monosporous strains of Helmintlio- 
sporium sativum were used in each experiment. 

It was found that comparatively short exposures to ultra-violet rays 
markedly affected some strains of Kelminthosporium sativum with respect 
to the rate of growth and the frequency of saltation, while other strains 
w^ere apparently unaffected. Nonirradiated cultures remained constant 

1 Contribution from the Division of Botany, Experimental Farms Branch, Depart- 
ment of Agriculture, Ottawa, Canada. 

2 Since this paper was written. Dr. Hugh Dickson has published an account of ^^The 
effects of X-rays, ultra-violet light, and heat in producing saltants in Chaetomium 
cocJiUodes and other fungi. Ann. Bot. 46: 339-404. 1932. 
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and maintained their cultural charaeteristies. The greatest number of 
saltants was produced in cultures irradiated through Yitaglass, \vhile the 
number was less in those cultures treated through ordinary Jena Petri-dish 
lids. Similarly, ultra-violet rays had a greater or less effect on growth 
rate, depending on whether irradiations were made through vitaglass or 
Jena Petri-dish covers. It is apparent, therefore, that the most effective 
raj^ are limited to definite regions of the spectrum,. The activating region 
of the spectrum has not been determined. In general, the effects of ultra- 
violet light on susceptible strains of H, sativum were a marked suppression 
of growth, an increase in pigment, and an increase in the rate of saltation. 

Most of the saltants of Hehninthosiminm sativum induced by ultra- 
violet radiation were tested to determine, to some degree at least, their con- 
stancy. The saltants have remained true to type. Many seemingly sterile 
strains, as .well as actively sp or ulating strains, were obtained. In every 
ease, the formation of sterile strains was closely correlated with the loss of 
color. This character correlation was observed by Stevens^ in H. sativum. 
Studies to determine the degree of stability of these new strains of 
M. sativum are being continued. 

One strain of Helminihosporium sativum, designated as E. L. No. 9, 
was very xxnstable in culture and saltated freely when exposed to ultra- 
violet rays. The original eultui'e was obtained from a rotted crown of Mar- 
quis wheat. A single conidixxm isolated from it in February, 1932, gave 
rise to a culture from which a number of subcultures were made on plates 
of Bacto potato-dextrose agar and irradiated in the usual manner. 

Pour days after the final irradiation had been made 5 saltants, which 
differed very markedly from the parental colonj", appeared as sectors in 3 
sxxbcxiltxxres irradiated through vitaglass. Transfers from these sectors and 
from the parent colony were made to freshly-poured plates. Mycelium 
from one of these saltants gave rise to a cultxxre producing only hyaline 
mycelium and almost colorless eonidia; whereas transfers from the parent 
form gave typical dark mycelium and dark-brown eonidia (Pig. 1). 
Slight differences in morphology and physiology, as well as in growth 
rate, of the saltant and parent strain were also observed. This albinistic 
form has been subeultured repeatedly (both from mycelium and eonidia) 
and has been irradiated but has remained unchanged. There seems to be 
no doubt, therefore, that an albinistic strain of Helminthospormm sativum 
has been permanently established by ultra-violet radiation. 

Although there was a distinct loss of color in the saltant, no real dif- 
ference in pathogenicity between the saltant and its parent was noticeable. 

3 Stevens, F. li. Tlie Helmmthospormm foot-rot of wlieat, with observations on the 
morphology of Eelminthosponum and on the oecurrenee of saltation in the genus. 111. 
ISfat. Hist. Surv. Bui. 14: 77-185. 1932. 
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This may be due to the very inadequate means so far available for measur- 
ing slight dilferenees in pathogenicity in this organism. From figure 2 it 
is apparent that the parasitic behavior of the saltant C does not markedly 
differ from that of the parent form A, from which it was derived. It 
should be stated that their relative pathogenicity has been tested only to 
the leaves of young barley and wheat plants grown in the greenhouse. 
Thus far, no further comparison in pathogenicity has been made between 
the normal form and the saltant. In order to verify the parasitic behavior 
of the parent and its white saltant, reisolations were made. In each case 
the respective organism was obtained. 



Fig. 1. Eelminthosporium sativum. Surface views of 10-day-oId colonies. A. Dark 
parent. B. White saltant produced by ultra-violet radiation. 


It appears from the studies of many workers that the inherent parasitic 
capabilities of strains of pathogenic fungi do not change readily. Appar- 
ently, most mutations in fungi have been due to the loss of a factor or a 
group of factors for color. It is of interest that the first conclusive demon- 
stration of mutation in Pucoinia graminis tritici Eriks, and Henn. w^as a 
color mutation. This was reported by Newton and Johnson^ in 1927. 
Since that time, however, Stakman, Levine, and Cotter*^ have reported the 
oeeurrence in P. graminis tHtici of a mutation for pathogenicity. It has, 
therefore, been assumed by the writers that new forms of Melmintko- 
spoHum sativum, differing pathogenically from any forms hitherto known, 
may occur. The importance of light as a factor in the induction of fungal 
saltants in nature is relatively unkno^vn, but it appears important enough, 

4 Newton, Margaret, and ThorvaJdur Johnson. Color mutations in FuGomia grami- 
nis tritici (Fers.) Eriks, and Henn. Pkytopatli. 17: 711-725. 1927. 

5 stakman, E. 0., M. N. Levine, and B. IT. Cotter. Origin of physiologic forms of 

Fuccmia graminis through hybridization and mutation. Sei. Agr. 10: 707-720. 1930. 
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Fig. 2. Leaves of Trebi barley, sliomng comparative virulence of strains of JSel- 
mwithospornmi sativum. A. Dark parent. B. Noninoeulated control. C. White saltant. 

as shown by the results presented here, to merit further and more detailed 
investigation. 

Prom a taxonomic view point, the discovery of a strain of Helmintho- 
sparium sativum with white mycelium and almost colorless conidia is of 
interest, especially in view of the fact that it is an example of a saltation 
so great as to remove this form completely from the Helminthosporium 
group, as described in the taxonomic classification of the Fungi Imperfecti. 
The classification of this new white fungus presents unusual difficulties. 

The description of the form-genus Helminthosporium distinctly speci- 
fies that the spores or the mycelium are dark. The newly-discovered strain 
has hyaline mycelium and almovst colorless spores, but the spore mass and 
the mycelium together produce a pale salmon color. As the parentage of 
this fungus is definitely known, it is convenient to accept it as an albinistic 
form of JS. sativum. If this new strain were isolated from diseased plants 
in nature, it would not in all probability be recognized as a Helmintho- 
sporium. 

Although white sterile strains of Helminthosporium sativum have been 
frequently obtained in artificial culture by many workers, as far as is known 
to the writers these strains have never been obtained through direct isola- 
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tion from diseased plants. If a sterile strain were isolated from a living 
liost, its identity would be diffienlt to establisli by microscopical examina- 
tion, and, beyond doubt, physiological tests, such as ''serum diagnosis,’’ 
would be required to establish its relationships. It is questionable if even 
such special tests would be sufficient to identify the fungus. 

SUMMARY 

A preliminary study has been made of the effect of ultra-violet light on 
the frequency of saltation in Helminthospormm sativum. Cultures of sev- 
eral monosporous strains of this fungus were exposed to the action of ultra- 
violet light for a 4-minute period on 3 successive days. A few of the 
strains were apparently unaffected by the rays; the majority produced sal- 
tants. The saltants so far have remained constant. In addition to a de- 
cided increase in the frequency of saltation, the radiation produced a 
mai'ked suppression of growth and an increase in pigmentation in those 
strains affected by the rays. 

One strain of H. sativum irradiated with ultra-violet light produced a 
saltant that differed from the parent strain in that the mycelium is hyaline 
and the conidia almost colorless. In pathogenicity it does not differ appre- 
ciably from the parent strain. The difficulty of fixing the taxonomic posi- 
tion of this strain, were it found in nature, is noted. 

Dominion Rust Research Laboratory, 

Winnipeg, Manitoba, Canada. 



OCCURRENCE AND PATHOGENICITY OP NEMATOSPORA SPP. 

IN FLORIDA 

GrEORaE F. W EBER 

(Accepted for publication June 11, 1932) 

Diseased sweet-pepper pods, collected in the vicinity of Miami, Florida, 
May 20, 1926, contained an organism that, in pure culture, proved to be a 
species of Nematospora, identical with the illustrations, and descriptions of 
Nemaiospora coryli Peglion described by Pegiion (14), as occurring on 
hazelnuts in Italy. Further work on the organism was not possible at the 
time and the culture was lost. 

On January 10, 1932, H. S. Fawcett found a diseased Satsuma orange 
on the Florida Agricultural Experiment Station grounds and demonstrated 
the presence of a species of Nematospora in the aifeeted tissue. He consid- 
ered it to be identical with the organism previously found by Lee (10) and 
Fawcett (5) in citrus and other hosts in the Orient and in Califor- 
nia. Further collections were made by the writer in a small planting of 
young bearing satsuma trees, and, by actual counts, l-^ per cent of the fruit 
on these trees showed such external symptoms as to make it possible to de- 
tect the disease. On November 19, 1932, Nematospora coryli \vas found 
infecting oranges and grapefruit in Pinellas County and, on Novem- 
ber 24, on tangerines in Alachua County. The purpose of this paper is to 
report the occurrence of certain Nematospora spp. in the United States and 
Florida and the results of inoculation experiments. 

The infected satsuma fruits always showed more or less drying out in 
local areas of the rind. The tissue between the oil glands in the affected 
areas was sunken, causing the oil glands to protrude slightly above the sur- 
face. Usually the rind was somewhat wrinkled in the areas invaded by the 
organism. Not all such fruits, showing the above symptoms, however, were 
infected. Upon removing the rind, one or more locules showed the infec- 
tion. In recently infected fruits there were plainly visible whitish spots, 
circular or irregular in shape and of various sizes located in the locule cov- 
ering. In older infections the juice sacs within the locule were affected. 
They showed loss of moisture and often a collapsed condition. In the lat- 
ter instances one end of the juice sac adhered to the locule wall. Often, in 
old infections, a discoloration was evident on the locule covering and in the 
ends of the juice sacs in contact with it. At first this coloration is a lighter 
color than the noninvaded tissue but later it becomes darker and, when 
most of the natural moisture has disappeared, the tissue is a bright reddish 
brown, as observed on other citrus' by Fawcett (6). Nematospora ooryli 
has been isolated from all stages just described. 

384 



Weber : Nematospoea in Florida 


■385 


1933] 


While these investigations were in progress a large number of isolation^ 
were made from naturally inf ected satsnmas. In a single instance, on Peb> 
ruary 8, Nematospora gossypii Ashby and Nowell was obtainea ^oi\i 

a satsnma that had all the charaeteristies of the disease caused 
This organism infected the fruit to the exclusion of N, coryli. Tins is, 
far as known, the first time N, gossypii h-a^s been reported outside of the 
geographical limits of the Lesser Antilles and Trinidad (2), Nigeria 
and Burma (15). This is also the first report of this organism on oitr^g 
fruit of any kind, so far as the writer can determine, although itli^® oeen 
reported previously on cotton. Datura sp., and milkweed. the 

diseases caused by N. gossypii and N. coryli are indistinguisliatio, the 
organisms, in culture, are very distinct, as pointed out by Astty 


Nowell (2), Guilliermond (8), and Fawcett and Lee (7). 

A single ripe tomato fruit -was collected on February 7, 1932? near 
Homestead, Florida, infected with Nematos 2 M^a coryli. A second 
ment of tomatoes received from that section of Florida on Febm^^y 17 
showed 3.6 per cent infected fruit. Another shipment, about 1, 

showed 1.3 per cent. The infected fruits in the second and third sFP^^^^^hts 
were in different stages of ripeness, namely, green, pink, and red, 
ing that infection took place while they were green. This fungus 
previously reported from tomatoes grown in southern California, 

Mexico, by Schneider (16, 17), but was named Nematospora 
which is now considered a synonym of N. coryli (2). E^^^P^hig 
Schneider ’s report of its occurrence in southern California, this is 
report of this disease on tomatoes from the United States, althoii^^^ if lias 
been reported on lima beans in Virginia by Wingard (19, 20, 21) in 


Illinois by Anderson (1) a& Nema^ospora phaseoU^ a Bjnonjm. 

The infections on tomatoes were always associated with a disea^^ Pi^vi- 
ously described (18) as cloudy spot,” which is now considered be 
caused by sucking insects of the pumpkin and leaf -footed plant-buS 
Other investigators, Davy (4) and Nowell (12, 13) have intim^f^d and 
Fawcett (6) has shovvm that sucking bugs undoubtedly have been car- 
riers of the Nematospora spp. However, in no instance have they isolated 
the organism from the mouth parts of certain of these insects, i^ben 
captured in the act of feeding. The w^riter made dilution platan of tlie 
mouth parts of a dozen individual bugs and obtained ^PP*? 

Aspergillus sp., Golletotriehum sp., Fusartum sp., and other fungi? bactej^ia, 


and yeasts, but no Amnfospora-sp. 

The cloudy spots appear as lighter colored areas anywhere on Sur- 
face of tomato fruits. Examination of the tissue shows that it is somewhat 
pithy or as though the moisture had been withdrawn and the sp^^^ i^^ed 
with air. Wlien these spots are infected (Fig. 1), the host tissuo m'^’o^ved 
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Pig, 1. Tomatoes naturally infected with Nematosyora eoryli and showing diseased areas. 


does not ripen so rapidly as the noninvaded tissue, leaving green islands in 
a pink or red fruit. These green spots gradually darken as the infection 
spreads, become sunken, and slowly soften. They are finally invaded by 
secondary soft-rotting organisms. 

Both Nematospora eoryli and N. gossypii grow ■well on potato-dextrose 
agar and have been increased on that medium for use in inoculation experi- 
ments. Water suspensions w^ere made from cultures of the organisms and 
were used for inoculating satsuma, tangerine, and tomato fruits in the labo- 
ratory. The cultures of N. eoryli were isolated from satsumas and toma- 
toes and N. gossypii from satsumas. The suspensions contained vegetative 
cells, mycelium, and ascospores of each of the organisms. 

The fruits to be inoculated were disinfected with corrosive sublimate 
(1: 1000) for 20 minutes; they were then thoroughly washed and placed 
in moist chambers. Before the inoculations were made the surface of the 
fruits was swabbed with 95 per cent alcohol and allowed to dry. A large 
loop transfer needle was then used to place several drops of the inoculum 
on the sterilized surface, after which a puncture was made with a small 
sterile needle through the drop of inoculum. The inoculum was usually 
sucked into the citrus fruits when the needle was removed, while the to- 
mato fruits often exuded juices in droplet form that mingled with the in- 
oculum until the moisture evaporated. Bach fruit was inoculated in 10 
places and placed in a moist chamber immediately. After 24 hours the 
tops of the moist chambers were removed and the fruits were left in the 
open dishes on the laboratory shelf. The checks were similarly treated, 
except that sterile distilled water was used in place of the inoculum. After 
2 weeks the fruits were examined and the data obtained are shown in 
table 1. 
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TABLE 1 . — MesvXts following inoculations of satsimas, tangerines, and tomatoes with 
Nematospora coryli and JSf. gossypii 


Kind and source 
of inoculum 

Fruits 

Inoculated 

Diseased 

Neonatospora 

tomato 

20 

20 

coryli 

satsuma 

12 

12 

(satsuma) 

tangerine 

12 1 

10 

Nematospora 

tomato 

20 ^ 

20 

coryli 

satsuma 

12 

12 

(tomato) 

tangerine 

12 

12 

Nematospora 

tomato 

20 

16 

gossypii 

satsuma 

12 

9 

(satsuma) 

tangerine 

12 

7 

Sterile 

tomato 

3 

0 

distilled 

satsuma 

^ I 

0 

water 

tangerine 

3 i 

0 


The area immediately around the points of inoculation dried rapidly 
and became discolored and shrunken. The culture of Nematospora coryli 
from tomatoes appeared to cause infection of satsumas and tangerines more 
rapidly than the strain isolated from satsumas. On tomatoes, however, 
there was very little difference in the effect of the two strains. Both of 
them produced colonies within the seed cavities and caused a discoloration 
of the seeds. The multiplication of the organisms was much more rapid in 
tomatoes than in satsumas or tangerines. 

The development of Nematospora gossypii in tomatoes was somewhat 
different from that of N. coryli in that it lacked free floating vegetative 
cells and showed extensive mycelial growth. In this case the mycelium in- 
vaded more extensive areas of the inoculated tomato, even growing in 
among the hairs of the seeds. Ascospores of both species were produced in 
abundance in infected fruits. Successful inoculations with N. gossypii 
were not so certain as with N. coryli. This was also the experience 
of Marsh (11) in inoculating cotton bolls, although Dastur and Singh (3) 
obtained a high percentage of infection of cotton bolls with N. nagpuri 
Dast. The organism was recovered in each case of the successful inocula- 
tions. 

SUMMAEY 

Nematospora coryli was first found in Florida infecting sweet-pepper 
pods. It was recently found in this State on satsuma oranges by H. S. 
Fawcett and on tomatoes, grapefruit and oranges by the writer. 

Nematospora gossypii was found on the satsuma orange in Florida for 
the first time and is the first report of A. gossypii in the United States on 
any host. 

This constitutes the first report of both of these organisms on the sat- 
suma orange and of A. on peppers in the United States. 
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Inoculations show both species to be pathogenic on satsuma, tangerine, 
and tomato. 

The isolations of the organisms from tomato and one of those from the 
satsuma orange are indistingmishable and undoubtedly are N. coryli. 
Florida Agricultural Experiment Station, 

Gainesville, Florida. 
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APPLICATION OP THE TERMS “ANTHRACNOSE” AND “SCAB” 
TO PLANT DISEASES CAUSED BY SPHACELOMA 
AND GLOEOSPORIUM 

A N N A E . J E N K I N S 1 
(Accepted for publication July 14, 1932) 

INTRODUCTION 

This paper presents the history of the term anthraciiose and makes cer- 
tain suggestions for the use of this and the term scab, particiilarly as ap- 
plied to diseases caused by Sphacelonia (ihclnding Elsinoe) and Gloeo- 
sporiiim (including Colletotrichiim). The treatment is mainly from the 
standpoint of phytopathologists. 

HISTORY OF THE TERM ANTHRACNOSE 

Originated to Designate a Sphaceloma Disease of Grapes. To avoid confu- 
sion in the term ckarhon as then used in France to designate both a smut of 
cereals (Gramineae) and the disease of grapes (Vitis) now known to be caused 
by Sphaceloma ampelimmi de Bary, Fabre and Dunal (12), in 1853, sub- 
stituted for the latter disease a new name of the same meaning : ‘ ^ anthracnose 
charbon.^ et voaoc:, maladie).’’ This is the generally accepted name 
for the grape disease, although, as listed by Weinmann (38), many other 
terms besides those named have been applied to it in France and elsewhere. 
The term anthracnose was thus first used in a symptomatic sense to signify 
only this one disease, which is hyperplastic in type. Sphaceloma ampe- 
Ununij described (3) in 1874, was until recently the only species in the 
form genus Sphaceloma. Burrill (7), Scribner (27), and others consid- 
ered Gloeosporium ampelopJiagimi Sacc. (24) to be the same organism, and 
this identity was recognized by Saccardo (25, p. 267) in 1906. The classi- 
fication of the fungus in the genus Gloeosporium led to its being treated as 
of this genus in many European and American publications and herbaria.^ 

Application to Belated Diseases. In accordance with Burriirs (7) dis- 
covery of the probable congeneric relationship of the pathogen of what was 
then known as blackberry and raspberry cane rust’’ with Sphaceloma 

1 Miicli of the subject matter presented in this paper is part of a thesis presented 
to the Graduate School of Cornell University, in June, 1927, in partial f ulfil linen t of the 
requirements for the degree of Doctor of Philosophy. Thanks are due H. M. Fitz- 
patrick, C. M. Massey, and A. J. Eames, under whose direction the work Avas done. 
Acknowledgment is also made to M. F. Barrus, H. S. Fawcett, H. R. Fulton, W. A. 
McCubbin, C. L. Shear, H. H. Whetzel, and R. P-. White for a critical reading of this 
paper, especially the parts dealing with suggestions for the application of the terms 
anthracnose and scab to unnamed diseases. 

2 Observations with respect to Euroiiean herbaria in part by II. S. Fawcett. 
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mni:>elmum, Scribner (29) sug'gestecl the name ^^anthraciiose of raspberry 
and blackberry’’ for this bramble disease. He (29) explained that the new 
name was ''proposed . . . in uniformity with anthracnose of the vine 
caused by another species of the same genus.” Identifying (29) the 
bramble-disease pathogen as Gloeosporkim venetum Speg., he continued to 
treat the fungus as of the genus Gloeosporium (of which the conidia are 
generally larger than those of the genus Sphaceloma), although he (27, 28) 
referred to the pathogen of grape anthracnose as of the genus Sphacelonia. 
His (80, Pigs. 1511 and 1578) illustrations showdng the "striking similar- 
ity” of these fungi are reproduced in figure 1. Until Burkholder ’s (4, 5) 



Fig. 1. Coiiidial fructifications of (A) Sphaoeloma mifelimm and (B) Gloeo- 
sporkm venetum as illustrated by Scribner (30), These shou", as Scribner stated, 
^‘the striking similarity of the two fungi. 


discovery of the perfect stage of this fungus in 1914, tvhen it was classified 
as Plectod'iscella veneta (Speg.) Burk., the bramble fungus was called G. 
venetum and its relationship to 8. ampelinum rarely mentioned. The two 
organisms have recently been classified in the genus Elsinoe, the grape 
fungus as E, ampelina (cle Bary) Shear (31), the bramble as E, veneta 
(Speg.) Jenkims (16). 

The term anthracnose has been applied to four other diseases caused by 
Elsinoe or Sphaceloma, those affecting rose (Rosa) (17), apple (Mains) 
and pear (Pyrus) , snowberry (Symphoricarpos alhus Blake var. laevigatus 
(Pernald) Blake), and Labrador tea (Ledum). Cobb (8, opposite page 
646) designated the rose disease anthracnose presumably because he 
thought at the time that its pathogen was a Gloeosporium. As affecting 
pear, the apple and pear disease was so named by Pegiioii (20) evidently 
because of the resemblance of the leaf symptoms to those of grape anthrac- 
nose. The early suggestion (36, pp. 393-394) that the snowberry-disease 
pathogen might be a Gloeosporium doubtless led to the disease being called 
an anthracnose when it was first reported (36) . Barms and Horsfall (2) 
later used the same name for the disease, wdth the explanation that this was 
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done because of tlie resemblance of the pathogen to Elsinoe venet a, then 
known Fleet odiscella veneta. Zeller and Deremiah (41) did not explain 
■wlij they applied the term to the Labrador tea disease, but, judging from 
their paper, this was done because the pathogen is of the same genus 
(ELsinoe) as that of grape anthracnose. 

Application of the Term Anthracnose to Diseases Caused loy Gloeospo- 
rium and Collet otrichum. In the report containing Scribner’s (29) ac- 
count o£ anthracnose of raspberry and blackberry, he also discussed 
anthracnose of the bean (Phaseolus), identifying its pathogen as Gloeo- 
sporium lindemutliianum Sacc. and Magn. The organism was later trans- 
ferred to the genus Colletotrichum, as G. lindemutliianum (Sacc. and 
Magn.) Br. and Cav.^ on the basis of Scribner’s (29) observation that it 
produced setae. This bean disease is often given as an example of a typi- 
cal anthracnose as well as of a strictly necrotic disease. Scribner (29) 
apparently applied the term anthracnose to this disease in confoinnity with 
the term as used for bramble anthracnose, of which the pathogen was also 
classified in the genus Gloeosporiiim. His application of the term to these 
two diseases constitutes early, if not the first, use of the w^ord for other than 
the grape disease for which it was originated. 

With apparently little thought of its origin, the word has since been in 
general use for diseases caused by species of Gloeosporium and Colleto- 
trichuni and a few genera other than Sphacelonia and Elsinoe. It has 
also been used to refer to the pathogens of diseases that have been termed 
anthracnoses. Examples of the use of the term as discussed in this and the 
preceding paragraph are given below. 

According to Stoneman (37), the term anthracnose was '‘first applied 
to the 'bird’s-eye’ fungus of the grape {Sphacelonia ampelinum De Bary 
...” and "has since been applied to diseases having similar external ap- 
pearance and agreeing in general mierobotanical characters.” Bdgerton 
(11) said that "some [here possibly referring to Shear and Wood (32)] 
would limit the use of the word anthracnose to those fungi having an as- 
cigeral stage as in the genus Glomerella; but I prefer to use it as commonly 
used, for all fungi having a Gloeosporium-like conidial stage.” He as- 
serted (11, p. 394) that the "majority of the anthracnoses that have been 
described belong to the genus Glomerella.” Shear and Wood (33) said 
that "in current usage the term 'anthracnose’ is applied to diseases caused 
by fungi belonging to a few other genera besides Glomerella, but that it 
would be better if the name . . . were restricted to the diseases caused by 
Glomerella.” This genus, they stated (33), is "usually referred to in its 
conidial stage as Gloeosporium and Colletotrichum.” 

3 Briosi, G., and F. Cavara. I fimgi delle piante coltivate ed iitili, Fase. 2, No. 
50 , 1889 . 
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The use of the term anthraenose in naming diseases caused by Gloeo- 
sporium and Colletotrichum is further indicated by Borer ’s (23) statement 
that ''like other anthracnoses, ” anthracnose of the mango (Mangifera) "is 
caused by a fungus belonging to the genus Gloeosporium or Golleto- 
trichum.” It is shown also by the fact that the pathogens of most of the 
48 anthracnose diseases referred to by Stevens and Hall (34) belong to 
these two genera and also by Wolf’s (40) naming of the vetch (Vicia) dis- 
ease caused by Protocoronospora nigricans (Atk. and Bdg.) emend. Wolf 
"false anthracnose” to distinguish it from what he virtually called the 
"true anthracnoses” (diseases caused by Gloeosporium and Colleto- 
trichum). 

In the 1911 edition of the Century Dictionary^ the term is defined as 
referring only to grape anthracnose, "A disease of grape-vines which 
affects the leaves, young stems, and green berries and is caused by the 
fungus, Sphaceloma (impelinmn.^^ In the 1930 edition of the New Cen- 
tury Dictionary,^’ hoAvever, the definition is much more general: "A de- 
structive disease of grape-vines, in which brown spots appear on the shoots, 
leaves, and berries, due to the fungus, Sphaceloma ampelimim; also, any 
of the various other plant-diseases due to fungi.” The 1931 edition of 
Webster’s Dictionary^^ defines the term as "A common plant disease caused 
by several species of Melanconiaceous fungi. ” 

APPLICATION OF TtlE TERM SCAB TO THESE DISEASES 

Although not in common use for them, the term scab, as well as that of 
anthraenose, has been applied to the diseases of grape (19) and brambles 
(6) caused by Elsinoe and to the bean disease caused by Collet otrichwn 
UndemntManum (1). 

The term is commonly used for the disease of citrus (Citrus) and 
avocado {Persea amerkana Mill.) (13), caused by Sphaceloma, and those 
of Lima bean {Phaseolus lunatiis macrocarpiis Benth.) and sw^ord bean 
(Canavalia gladiata (Jacq.) DC.) caused by species of Elsinoe. Scribner 
(26) named the citrus disease scab obviously because of its hyperplastic 
scab-like lesions. Stevens (35) called the avocado disease scab on account 
of its "many points in common” with citrus scab. Following the precedent 
of Scribner (26), the writer (14, 15) applied the term to the two legume 
diseases, that affecting Lima bean having already been called "verruga” by 
Cuban growers of the crop. 

4 Century Dictionary. An Encyclopedic Lexicon of the English Language, prepared 
under the superintendence of William Dwight Whitney , . . rev. and enl. under the 
superintendence of Benjamin E. Smith. 1911. 

5 New Century Dictionary of the English Language. Edited by H. G. Emery and 
K. G. Brewster ... vol. 1, 1929. 

6 Webster ^s New International Dictionary of the English Language based on the 
International Dictionary of 1890 and 1900. Springfield, Mass., TJ. S. A., 1931. 
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SUGGESTIONS FOR THE FUTURE USE OF THE TWO TERMS 

The general statement may be made that plant diseases are classified 
either on the basis of the taxonomic position of their pathogens or on their 
predominating disease processes. Whetzel (39), as well as others, main- 
tains that the latter basis is the ‘^only logical” one. According to him, the 
etiological basis is objectionable because there is no consistent correlation 
between kinds of pathogenes involved and the character of the disease they 
produce.” 

As already explained, in naming plant diseases, the term anthracnose 
is now used chiefly in an etiological sense, although it was originally used 
only in a symptomatic sense. In the future, where this term and that of 
scab are applied by pathologists to as yet unnamed diseases of the groups 
discussed herein, it is suggested that they be used in a symptomatic sense, 
anthracnose for necrotic and hypoplastic diseases having somewhat re- 
stricted lesions as in bean anthracnose and scab for diseases having hyper- 
plastic scab-like lesions as in citrus scab. The diseases of Antidesma and 
Tinospora (22, t. 1) caused by Elsinoe, for example, which are hyperplastic 
in type, could thus appropriately be called scab, and the Sphaceloma disease 
of poplar (Populus) (18), apparently non-hyperplastic, anthracBOse. 

Of course, neither term should be employed where already in common 
use for another disease of the same plant, or else the terms should be so 
qualified that confusion will not result. For other reasons, a different 
terminology may sometimes be desirable, as in cases where some other par- 
ticularly descriptive name has been applied to a disease. 

The recent application (9, 10) of the name anthracnose to a Gloeo- 
sporium disease of snowberry has resulted in a duplication of disease 
names of this suscept. The term ^^ripe rot” (21) serves to distinguish the 
Gloeosporium disease of grapes from that caused by Sphaceloma, and it is 
suggested that this name may appropriately be used for the snowberry dis- 
ease caused by Gloeosporium, which also becomes evident upon the ripening 
of the fruits (10). 

By common consent the name of a plant disease should not be used by 
itself to refer also to its pathogen or, as expressed by Whetzel (39), ^‘disease 
and pathogene concepts” should not be synonymized. Therefore, it is 
desirable that the use of the term anthracnose in reference to pathogens of 
diseases so named Be discontinued. 

SUMMARY 

The term anthracnose was originated by Fabre and Dunal for a grape 
disease, in order to avoid confusion in the term charhom as then employed 
in France to designate both a cereal smut and the grape disease. The new 
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name for the grape disease was used only in a symptomatic sense. The 
pathogen of this disease was later described as Sphaceloma ampelinum and 
is now classified in its perfect stage as EUinoe ampelina, Scribner extended 
the term, anthraenose to denote the related bramble disease the causa- 
tive organism of which was commonly known in its imperfect stage as 
Gloeospornmi venetuni and recently classified in its perfect stage as E. 
veneta. He also applied the term to the unrelated legume disease caused 
by Golleioiridimn Undemuthianum, As in these two instances, the term 
has since been applied chiefly in an etiologic sense to designate diseases 
caused by Elsinoe, Sphaceloma, Gloeosporium, and Colletotrichum and those 
caused by fungi of a few other genera. Some of these diseases, both hyper- 
plastic and nonhyperplastic, have also been called scab. 

It is suggested that, in the future, where this term and that of scab, 
may be used in naming diseases caused by fungi of the genera named, they 
be applied in a s 3 rmptomatic sense, anthraenose for necrotic and hypoplastic 
diseases with somewhat restricted lesions, as in bean anthraenose, and scab 
for hyperplastic diseases with scab-like lesions, as in citrus scab. 
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INTRODUCTION 

Head smut of com (Sorosporium reilianum (Kiihn) Me Alp.) lias been 
observed in western Oregon for many years. It is of interest to note, bow- 
ever, that tlie disease, althongh widely scattered, does not oeenr in all places 
where corn is grown in this region bnit is localized in certain areas where the 
smut may be very severe in particular fields, while it is absent or unnoticed 
in the intervening areas even though soil and climate are very much alike 
and similar varieties of corn are grown. 

In 1930 a serious outbreak ruined a field near Salem, attacking 90 per 
cent of the plants. This directed our attention to the possible serious 
economic consequences of the disease and led to the trials reported herein. 

PREVIOUS RESEARCH 

This head smut was: first found in 1868 in Egypt and has since been 
noted in many parts of the world. It was first reported on the Pacific 
Coast from the State of Washington, in 1920, by Dana and ZundeP and 
from California in the same year by Mackie.^ Among the most extensive 
studies of the disease are those reported by A. A. Potter^ in 1914 and by 
Keed, Swabey, and Kolk'^ in 1917. The more important literature on the 
disease has been discussed in their contributions and will not be reviewed 
here. 

The wnrk of various investigators, particularly that of Reed and his 
associates, indicates that the head smut of corn does not readily attack 
sorghums, and vice versa^ although the strains are morphologically indis- 
tinguishable. 

Several workers have demonstrated that the disease may be transmitted 
to a certain extent by seed-borne spores, but Potter^ and others have shown 

1 Published as Technical Paper No. 187 with approval of the Director, Oregon Agri- 
cultural Experiment, Station. Contribution from the Departments of Earm Crops and 
Botany. 

2 Dana, B. P., and Gr. L. Zmidel. Head smut of corn and sorghum. Washington 
Agr. Expt. Sta., Pop. Bui. 119. 1920. 

3 Mackie, W. W. Head smut in sorghum and maize. Phytopatli. 10 : 307-308. 
1920. 

4 Potter, A. A. Head smut of sorghum and maize. Jour. Agr. Bes. 2: 339-372. 
1914. 

5 Beed, Gr. M., Marjorie Swmbey, and Laura Alma Kolk. Experimental studies on 
head smut of corn and sorghum. BuL Torrey Bot. Club 54: 295-310. 1927. 
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that tlie chief source of infection lies in smnt-eontammated soil. Seedlings 
are attacked in the early sitages of their development and the parasite 
becomes systemic, growing iip within the plant and generally transforming 
some or all of the flowering parts into smut galls. Numerous instances are 
on record, however, where, instead of producing smut masses in the tassels 
and ears, the presence of the parasite induces the formation of abnormal 
vegetative proliferations in place of normal floral organs. It has also been 
noted by Me Alpine® and by Heed, Swabey, and Kolk^ that the tassels may 
sometimes show’ no smut on corn plants having infected ears, whereas if 
smut appears in the tassel, all the ears are generally smutted. These phe- 
nomena W' ere observed in the trials reported herein. 

Thus far, no satisfactory control measures for head smut seem to have 
been developed. Seed treatment of smut-contaminated grain has been 
reported effective in eliminating this source of infection, but no practical 
method has yet been worked out for the elimination of soil-borne infection, 
a vastly more important source of the disease. Potter,® how’ever, suggests 
w’hat he characterizes as ‘‘a possible, though very doubtful and as yet 
untried specifle measure for prevention, i.e,, a treatment of the soil about 
the seed at planting time in some such way as is done for onion smut. ’ ^ 

PRESENT investigations 

In view’’ of the seriousness of the head smut of corn on various Oregon 
farms, it was thought desirable to carry out certain infection studies by 
means of greenhouse and field trials, using methods similar to those of 
previous workers, and, in addition, to try out various materials for seed 
treatment as well as for treatment of the soil at planting time, as suggested 
by Potter. The results here presented confirm and extend the knowledge 
contributed by others, but they are based on experiments so limited in scope 
that they cannot be considered conclusive in all particulars. 

GREENHOUSE TRIALS IN 1931 

Seed Treatment Experiments With Corn. Seed of the variety Minne- 
sota 13, from, the 1930 crop on the Oregon State College Farm, where head 
smut is unknown, was thoroughly coated with head-smut spores obtained 
from the badly infested field near Salem, referred to in the introduction. 
The contaminated seed was then divided into 8 lots, 6 of which were treated 
with various dust materials by shaking the seed vigorously with a liberal 
excess of the dust. With another lot, formaldehyde was used at the 
strength of 1 oz. to 1 gal. in a 15-minute soak. The treated lots and the 
nonsmutted and smutted controls were then planted, in noneontaminated 

eMcAlpine, D. The smut of maize and its treatment. Jour. Dept, Agr. Victoria 
8: 2.90-2'98. 1910. 

7 See footnote 5. 

s See footnote 4. 
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soil ill a deep gTeenhouse bench on January 5, One lot of clean seed was 
similarly planted, after which the surface of the soil was given a liberal 
coating of smut spores. The soil surface was kept moist by daily watering. 
Greenhouse temperatures ranging from 70 to 90° P. during the day pre- 
vailed throughont germination and growth. By extending the daily 
exposure to light through the use of electric illumination, these plants were 
forced to produce tassels and ears by May 10. The results of these trials 
are reported in table 1. 

TABLE 1 . — Mesults of various treatments of seed of Minnesota No. 13 corn, artifi- 
cially contaminated with spores of Sorosporium reiHanum. Greenhouse trials, Corvallis, 
1931 


Treatment 

Normal 

stalks 

Stalks 
with tas- 
sel and 
ears 

smutted 

Stalks 
with only 
ears 
smutted 

Stalks 

with 

abnormal 
ears only 

Total 

stalks 

Clean seed — elieek 

8 

0 

0 

0 

8 

Smutted seed — check 

2 

2 

14 

12 

30 

Copper carbonate (50%) 

4 

0 

0 

0 

4 

Formaldehyde (1 oz. to 1 gal.) 

3 

0 

1 

0 

4 

Improved Semesan Jr 

Landplaster (powdered gyp- 

0 

0 

3 

1 

4 

sum) .' 

4 

0 

0 

0 * 

4 

Corona Merko (mercuric) 

0 

0 

2 

2 

4 

Field’s Corn Dust (copper) 

1 

,0 

1 

2 

4 

Paraformaldehyde (powdered) 

4 

0 

0 

0 

4 

Clean seed, smut on top soil 

4 

0 

0 

0 

4 

Totals 

30 

2 

21 

17 

70 


These tests clearly demonstrate that corn may become infected from 
seed-borne spores, since artificial smutting of the seed resulted in evident 
infection in 28 out of 30 plants. Clean seed produced only clean plants, 
even where a layer of smut was placed on the soil surface. All of the seed 
treatments appeared to reduce or eliminate the infection, with the exception 
of Improved Semesan Jr. and Corona Merko, neither of which, of course, 
has been recommended for smut prevention, although commonly used on 
corn. These tests are too limited to warrant any decision as to the relative 
merits of the different materials employed. 

It is interesting that out of 40 infected corn plants only 2 showed 
smutted tassels, while 17 disclosed the presence of the parasite only by the 
production of abnormal vegetative proliferation in the ears without the 
formation of smut masses. (Pig. 1.) 
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Fig. 1. E:ffect of Sorosporium reilianum on corn in greenlionse trials. A. Normal 
ear. B. Abnormal ear. C. Smutted ear. D. Stalk with smutted tassel. E. Stalk with 
smutted tassel and ear. In D and E leaves have been removed. 

No conjecturie is offered as to why the plants came through healthy in 
the lot where smut was placed on the soil surface at planting time, especially 
since considerable care was taken to keep the soil surface in a moist condi- 
tion and the atmosphere of the greenhouse humid. 

Infection T^nals With Head Smut of Corn on Sorghum. Seed of 6 
varieties of sorghum was obtained from G-. M. Reed, of the Brooklyn 
Botanic Garden, and coated with head-smut spores from the same source 
as the material used for the above experiment with corn. The contaminated 
seed was planted in the greenhouse on February 17. The sorghum headed 
by July 28. 

Dr. Reed reports on the relative susceptibility of these varieties to the 
sorghum, strain of Sorosporium reilianum as follows: Black Amber sorgo 
(No. 48) susceptible; brown durra (No. 74) susceptible ; Red Amber sorgo 
(No. 232) susceptible; Dawn Kafir (No. 186) resistant; Dwarf Yellow nxilo 
(No. 124) resistant ; Manehu kaoliang (No. 191) resistant. 

Although from 19 to 24 plants of each variety, 128 in all, matured, not 
a single plant showed any sign of head smut. This result confirms the 
prevalent opinion that the sorghums are not readily attacked by the ordi- 
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nary corn-infecting strains of Sorosporium reilianum. It wonld seem safe, 
therefore, to use sorghum in rotations on infested corn land where such 
procedure is practicable. 

FIELD TRIALS IN 1931 

The field experiments on susceptibility and soil treatment were con- 
ducted in the cornfields near Salem, Oregon, previously referred to, where 
most of the corn was ruined by the head smut in 1930. The soil is mapped 
as Holcomb silty clay loam. The corn was planted on May 8 in 26 single- 
row plots, 5 kernels to the hill. 

Yaneiy Trials. Six varieties of corn were planted without treatment to 
determine relative suseeptibility in naturally contaminated soil. These 
were as follows : Minnesota No. 13 grown for nearly 25 years at the Oregon 
Agricultural Experiment Station and coming from a crop free of this 
disease; the ^ ‘ Schucking ’ ’ strain, similar to Minnesota No. 13, obtained in 
the fall of 1930 from an infested field and probably carrying some seed- 
bome spores ; Golden Glow obtained from a farm where no smut occurred 
in the crop ; McKay Dent obtained from the college farm where no smut 
occurred ; Putnam Red obtained from a farm where no smut was present ; 
and African White, a flinty dent variety received from South Africa direct. 
Whether or not this came from a smut-free field is unknowm. The results 
are shown in table 2. 


TABLE 2. — The results of attacTc hy Sorosyorium reilianum on 6 varieties of corn 
planted without treaUnent in smut-contaminated soil at Salem, Oregon, in 1981 


Variety 

i 

Stand 

Total 

stalks 

Disease- 

free 

stalks 

Stalks 
with, 
tassels 
and ears 
smutted 

Stalks 

with 

only 

ears 

smutted 

Stalks 

with 

abnormal 

ears 

only 

Diseased 

stalks 

i 

Mmiiesota No. 
13 

Fer ct. 

99 

95 

76 

13 

4 

2 

Fer ct. 

20 

^ ^ Sehacking ^ 1.. 

95 

92 

57 

20 

13 

2 

38 

Golden Glow... 

96 

93 

61 

15 

15 

2 

34 

McKay Dent... 

83 

80 

65 

4 

8 

3 

19 

Putnam Red ... 

82 

79 

58 

13 

5 

3 

27 

African WRite 

78 

75 

50 

17 

2 , 

6 

33 

Totals 

■■■ — 

5U 

367 

82 

47 

18 

28.6 


The results shown in table 2 do not disclose any variety with marked 
resistance to head smut. The limited nature of the test and lack of replica- 
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tion do not allow any decision as to whether the different percentages of 
smut attack on the different varieties are true indications of relative sus- 
ceptibility. 

Field Treatment Trials. Two of the varieties, Minnesota No. 13 and the 
''Schucking'’ strain were given 10 treatments at the time of planting. 
Copper carbonate, containing 50 per cent copper ; Corona Merko, a mercury- 
eontaining powder; Field's Corn Dust, a copper-containing powder; and 
Improved Semesan Jr., an organic-mercury Hust, were applied in excess as 
dusts on the seed before planting. All of these dusts stick to the seed 
readily. Smuttox, composed of diatomaeeous earth carrying 4 per cent 
formaldehyde; agricultural ground sulphur; and Superpoppy sulphur, 
which contains a considerable proportion of black gas by-product sulphur • 
were applied by placing about a level teaspoonful on the kernels after they 
were put in the hills. The hills were then covered. Formaldehyde was 
used at the strength of 1 oz. of the commercial (about 40 per cent) solution 
to 1 gal. of water. Germ-O-No liquid wus diluted 1 to 10, and Garden 
Volck, a refined oil emulsion, was diluted 1 to 8. In these 3 liquid treat- 
ments the corn was planted and covered with the soil, after which the liquid 
was carefully poured on top of the soil. About 1 teacupful was applied to 
each hill, w’-hich was sufScient to wet the ground down to the kernels. 

About 2 weeks after planting, stand counts were made and the hills that 
had more than 3 stalks were reduced to a uniform stand of 3. The growth 
for the first month was rather slow because of dry conditions. Timely rains 
in mid-June, however, were followed by rapid growth. The plants were 
left undisturbed until fall when counts of smutted, abnormal and normal 
tassels and ears were obtained. The results are reported in table 3. 

The results presented in table 3 show that none of the treatments as 
carried out gave clear evidence of practical effectiveness for head-smut pre- 
vention in contaminated soil. Even the formaldehyde solution, so effective 
when applied to soil for onion-smut control, produced no definite evidence 
of protection as compared with the control rows. In the test with the 
^^Schucking" strain, copper carbonate produced marked injury to stand, 
and additional trials have shown that, in excess quantity, copper carbonate 
inhibits the growth of the seminal roots. The formaldehyde-carrying dust, 
Smuttox, produced severe reduction in stand in both varieties. At the same 
time it afforded no protection. In passing it may be noted that the plots 
treated with Corona Merko, although showing considerable smut, appeared 
greener and more vigorous than any of the others from the seedling stage 
to harvest. 

Taking the totals from all the field trials, which included 2,034 corn 
plants, 674, or 33 per cent, were diseased. Of these, 49 per cent showed 
both tassels and ears smutted, 40 per cent showed only ears smutted, while 
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TABLE 3 . — Field trials of the results of seed and soil treatments tvitJi corn a/jainst Soro- 
sporium reilianumy conducted at Salem, Oregon, in 1931 


Treatment 

Stand 2 
weeks i 
after 
planting 

Total 

stalks 

matured 

Disease- 

free 

stalks 

Stalks 
with 
tassels 
and ears 
smutted 

Stalks 
with 
smutted 
ears only 

Stalks 
with ab- i 
normal j 
ears only 

Diseased 

stalks 


Minnesota No. 13 


Copper carbonate 

Perct. 

lO'O 

97 

79 

10 

5 

3 

Per et. 
19 

Corona Merko 

89 

86 

53 

16 

14 

3 

37 

Field Corn Dust 

77 

74 

48 

13 

12 

1 

35 

Improved Semes an 
Jr 

100 

99 

61 

18 

15 

5 

38 

Smuttox 

30 

29 

20 

4 

4 

1 

31 

Agricultural ground 
sulpliur 

93 

90 

66 

14 

6 

4 

27 

Superpoppy sulphur... 

91 

88 

53 

17 

16 

2 

39 

Formaldehyde 

85 

82 

1 63 

7 

10 

2 

23 

Grerm-O'No 

64 

62 

1 42 

13 

3 

4 

32 

Garden Volck 

83 

80 

65 

10 

4 

1 

19 

Nontreated check 

99 

95 

76 

13 

4 

a 

20 

Totals 

— 

882 

626 

135 

93 

28 

29 


^ ‘ Scliucking ’ ’ Strain 


Copper carbonate 

52 

50 

44 

3 

2 

1 

12 

Corona Merko 

100 

99 

72 

15 

9 

3 

27 

Field’s Corn Dust 

72 

70 

56 

5 

8 

1 

20 

Improved Semes an 
Jr 

92 

89 

53 

16 

17 

3 

40 

Smuttox 

34 

33 

18 

8 

5 

2 

45 

Agricultural ground 
sulphur 

72 

70 

35 

10 

23 

2 

50 

Superpoppy sulphur... 

100 

100 

56 

26 

13 

5 

44 

Formaldehyde 

59 

57 

38 

7 

9 

3 i 

33 

Germ-O-No 

78 

75 

32 

12 

27 

4 1 

57 

Garden Volck 

93 

90 

39 

22 

25 

4 

57 

Nontreated check 

95 

92 

57 

20 

13 

^ ' 1 

38 

Totals 

— 

825 

500 

144 

151 

30 

39 


11 per cent showed abnormal Yegetatively proliferating ears only. In some 
instances partly smutted ears and tassels were observed. Wherever smut 
showed in a tassel, however, all ears on the plant showed smut. The pro- 
portionate appearance of diseased tassels and ears and of abnormal ears 
in the field experiments is distinctly in contrast to the results met with in 
the greenhouse trials where out of 40 diseased plants only 5 per cent showed 
smutted ears only, and 43 per cent showed abnormal ears only. 

There is evidence to indicate that head smut has been present on corn 
in Oregon for a good many years. At a meeting of corn growers held in 
1931 at the experimental field, a neighboring farmer stated that he had 
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seen smut in this field as long ago as 35 years. Other fields in this vicinity 
also showed head smut in 1931. One would expect the disease to be 
prevalent throughout the Willamette Valley; yet, at a meeting of corn 
growers held at Oregon City some 40 miles to the north of this experimental 
field, many in attendance had grown corn for 20 years or more, but none 
had observed this disease. 

SUMMARY 

Sorasporiiim reilianmi, head smut of corn, is found destructive in cer- 
tain localities of western Oregon, while it is absent from others. Experi- 
ments were conducted with this disease in the greenhouse and in the field 
in 1931. The results demonstrated that the disease may be transmitted to 
a certain extent by seed-borne spores; that the local strain of head smut of 
corn was not successfully transmitted to 6 varieties of sorghum, whereas 
it produced abundant infection on 6 varieties of corn; that various seed 
treatments can be used to prevent seed-borne infection, but that no seed or 
soil treatment included in these tests was effective in preventing infection 
in smut-contaminated soil. 

Oregon Agricultural Experiment Station^ 

Corvallis, Oregon. 



HOW PLANT PATHOLOGY CAN CONTEIBUTE TO A 
LAND-UTILIZATION PROGRAM 

NeilE. Stevens 
(Accepted for publication July 19, 1932) 

The suggestion that an increase in our knowledge of the distribution of 
plant diseases and their relative severity in different localities is of njore 
immediate economic significance than a further increase in our knowledge 
of the methods of disease control seems like an indictment of all pathologi- 
cal teaching and present practices. Yet, this is the logic of events, and a 
plant pathology that neglects economic conditions can lay little claim to 
being practical. To appreciate how great a change has occurred in our 
economic thinking it is necessary merely to refer to serious statements of 
8 or 9 years ago to the effect that, about 1906, the United States entered a 
period when population increased faster than agricultural production, that 
our exportable excess was decreasing, and that within 15 or 20 years our 
consumption would equal our production. These statements sound like 
counsels from another civilization. 

THE PRESENT PROBLEM 

The outstanding features of the present agricultural situation have been 
widely discussed and there is general agreement as to the need for a planned 
use of our land resources. The major feature of this program in relation 
to agricultural land was clearly stated last October by Franklin D. Roose- 
velt, then Governor of New York, in an article that includes the sentence — 
Today in spite of the great increase in our population, the farm acreage 
problem in the United States is more a problem of reducing our acreage on 
a sound scientific basis — ^redueing it where it ought to be reduced — than of 
expanding it.”^ 


PLANT PATHOLOGY AND ACREAGE ADJUSTMENT 

That plant-disease information would be important in an adequately 
planned agricultural adjustment is obvious to the well informed. It is al- 
most equally obvious that for the greatest effectiveness there will be neces- 
sary some reorientation of the studies of professional plant pathologists. 
It may be taken for granted that in any acreage adjustment the high- 
cost” acres should be first abandoned. It is evident that a given area may 
properly belong in the high-cost group because of disease, as well as soil, 
factors. Any region in which the diseases of a particular crop are severe 

lEoosevelt, E. D. Hanning use of land for farm, forest and highway. Louisiana 
Conservation Bev. 2 (11) : 22-23. Oct., 1932. 
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or particularlj hard to control becomes necessarily a Mgli-cost area for that 
crop. 

In his repoid to the President for 1931 (pages 37-38) the Secretary of 
Agriculture urges an economic classification of oiir land resources and wide- 
spread dissemination of information concerning the uses for which particu- 
lar classes of land are economically adapted on the ground that such a 
classification wuuld make it easier to discourage ill-advised expansion and 
lessen the risks of new settlement. A classification of crop areas with ref- 
erence to severity of plant diseases and the difficulty of their control would 
have similar usefulness. 

The compilation by plant pathologists of a map of the United States 
showing areas in which disease control on certain crops has proved particu- 
larly difficult should be well within our scientific possibilities. Whether 
it will prove to be a practical possibility may be a quite different matter. 
It admittedly runs counter to most of our previous practice, as well as to 
our American psychology. A disease particularly difficult to control offers 
to the pathologist, of course, a particularly attractive problem. Hitherto, 
an attempt to grow a crop in a region for which it was not well suited has 
been accepted by plant pathologists as a challenge to their best efforts. 

To suggest the abandonment of a crop project sounds like a council of 
defeat and is correspondingly repugnant to our temperaments. It is, how- 
ever, no different essentially from a soil survey that names given areas as 
being unsuited to profitable cultivation. The suggestion of a nation-wide 
mapping of areas that, under present conditions, are not worth cultivating 
sounds like a defeatist policy. ' It is, however, quite the contrary. The 
day of expansion of crop production in the United States has definitely 
passed, perhaps, for a long time. We may well be entering a period of 
contraction of acreage. Under present economic conditions some lands 
may even be forced out of production. Obviously, a planned acreage ad- 
justment is preferable to one forced by bankruptcy. And one in which the 
knowledge of the plant pathologists shall be utilized is better than one 
planned without reference to plant diseases or to their control. 

A few examples of the way in which adequate plant-disease information 
might have served to ''discourage ill-advised and unnecessary expansion” 
may be cited in the field of small fruits. Information as to the probable 
difficulty of disease control was already in the hands of plant pathologists, 
which, if it could have been followed by growers, would have prevented 
costly and disastrous attempts to grow Yinifera grapes in Texas, Euvitis 
grapes in Florida and the coastal regions of the Carolinas, raspberries in 
eastern South Carolina, currants in eastern Maryland, and cranberries in 
extreme southern New Jersey. 
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Foi^tunately, for immediate progress, it is not necessary to plan a crop- 
loss map to be at once published and widely disseminated. The first steps 
will be the assembling* of available information and the developing of meth- 
ods of securing better information of this type. It has been frequently 
pointed out that present economic difficulties offer a challenge to our civi- 
lization equal to that of the World War. The present need for classified 
information regarding plant diseases and their control would appear to 
offer an opportunity for American plant pathologists second only to that 
so effectively met by them during the period of the World War. 

Bureau op Plant Industry, 

Washington, D. C. 
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A Hitherto Unreported Blight of the Juglandaceae. — ^At Stamford, Con- 
iiectieut, I liaA^e a collection of trees. Some of them are employed for hy- 
hridizing purposes. In this collection there are various hybrids that have 
been obtained during the past 35 years. 

This year I planned to obtain hybrids between the English walnut, Jug- 
Ians regia, and the butternut, J, cinerea. The English walnut was of the 
Webb variety, which has enormous nuts, and the butternut was one of many 
seedling natives. In the last week in May I bagged pistillate flowers of the 
English walnut and then waited for the aments to ripen their pollen and 
fall from the tree. This would naturally occur at about the time when but- 
ternut pollen would be viable. On the morning of the day when the English 
walnut pollen should have ripened the anthers had all blackened and the 
pollen was destroyed. Specimens of the ruined aments were sent to the 
Connecticut Agricultural Experiment Station at New Haven, Connecticut. 
•G. P. Clinton, the Plant Pathologist, expressed the opinion that the blight 
was bacterial in its nature. A few days later I picked an ament from the 
butternut tree that was to furnish pollen for the English walnut. In my 
opinion the butternut would shed pollen at daylight on the following day. 
The plucked ament w^as tossed upon the ground. At about 8 o’clock on the 
following day all of the anthers on the butternut tree were ruined by the 
blight and were black. The ament that had been tossed upon the ground 
was shedding its pollen and was not blighted. 

During the next few days blight had attacked the anthers of all butter- 
nuts, their hybrids, and their parthenogens. It had attacked the anthers of 
5 cultivated varieties of the black walnut, Jiiglans nigra, and of several 
varieties of the Japanese walnut, J. sieholdii. No male flowers remained 
upon J, sinensis or upon J. sihirica. Unfortunately, I did not examine flow- 
ers of a number of species and varieties of the hickories because they did 
not enter into my hybridization plans for this year; but Hicoria pecan 
aments of 3 varieties were found blighted, and it was observed that H. ovalis 
was the last one of the hickory group to flower and to blight. 

Incidentally, some of the butternut aments, which were mostly blighted 
but bore a little pollen, were carried to the English walnut tree and shaken 
over pistillate flowers. The appendages of these flowers turned partly or 
wholly brown the next day. They had not been attacked by blight origi- 
nally, but the brownish effect seemed to have resulted from contact wdth 
blighted aments. 

At this date of waiting, August -26, many of the walnut trees of several 
species and varieties that should be heavily laden with nuts have none at 
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all. Others have a few clusters, as though some pollen had acted very locally 
on the tree. 

The blight seemed to have one notable peculiarity. It apparently did 
not attack pollen-bearing anthers except on the night when they were ready 
to shed pollen the following day, and it then destroyed all or nearly all on 
any given tree on that particular night. Sometimes, the process seemed to 
be extended over 2 or 3 nights, so that a little pollen escaped from a few 
flowers or from parts of a few flowers during 1 or 2 days. 

During about 35 years of hybridizing experiments I had never previ- 
ously noticed this blight. If it had been present it was not in sufficient de- 
gree to attract attention. — ^Robert T. Morris, M.D., Stamford, Connecticut. 

A Disorder of Persian (English) Walnuts Grafted on Black-walnut 
StockSf Resulting in Girdling. — A disorder of Persian (English) walnuts 
grafted upon black-walnut rootstock is causing considerable concern to Ore- 
gon walnut growers in the Willamette Valley. The trouble was first noted 
in 1924 in a 15-year-old grafted Franquette orchard near Dundee, Oregon. 
Since then it has either been found or reported from several other orchards 
of the Franquette variety in western Oregon. 

The first evidence of this trouble is shown by poor shoot growth and by 
premature shedding of the leaves on a part or all of the tree. As a rule, 
suckers from the black- walnut rootstock appear at the same time. Death 
usually follows 3 or more years after the first symptoms are noted in the 
aerial portions of the tree. The devitalization and death of the tree are ap- 
parently caused by girdling brought about by the failure of the newly 
f ormed xylem tissues of the Persian top to unite with the black-walnut root- 
stock. As the new cells of the xylem are laid down by the cambium the two 
kinds of tissue no longer unite. A dark discolored layer of a corky nature 
is formed between the two kinds of wood. At first it may be only a fraction 
of a millimeter in thickness but, in the later stages, it may be as much as i 
in. thick. Only a few inches of the new tissue at the point of union may be 
affected the first year, but, eventually, the whole circumference of the tree 
is affected in a like manner. In most cases death of the tree ensues 3 years 
after the first symptoms are evident. The girdling of the tree is apparently 
preceded by the presence of water-soaked, ehoeolate-eolor spots in the bark 
of the rootstock at or below the point of union. In the early stages of the 
trouble these spots are very small and usually isolated. Later, they enlarge 
to several inches in diameter and often several of these spots merge, form- 
ing a large area of dead tissue. In some instances the first visible symptom 
of the disorder seems to consist of a discolored narrow strip of tissue in the 
vicinity of the union encircling the tree, but not penetrating to any depth 
into the bark. In such instances no evidence of a lack of union has been 
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found by cutting through the hark. In cases where connecting tissue ex- 
tended from this outer strip into the woody tissue a break in the union 
always occurred. The trouble has so far been found only on the Pranquette 
variety grafted on a black-walnut rootstock, of which the individual root- 
stocks are apparently Juglans hindsi (Sarg.) (Hinds or Northern Cali- 
fornia black walnut) or hybrids of other species with this one. 

The cause of this disorder is not definitely known. A number of at- 
tempts have been made by the junior writer to isolate some parasitic organ- 
ism from the discolored tissues but to date no infectious microorganism has 
been found to be constantly associated with the trouble. It appears, there- 
fore, that this disorder is of nonparasitic nature. — C. E. Schuster, Bureau 
of Plant Industry, United States Department of Agriculture, Oorvallis, 
Oregon; and P. "W. Miller, Division of Horticultural Crops and Diseases, 
United States Department of Agriculture, Corvallis, Oregon. 
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THE CANADIAN PHYTOPATHOLOGICAL SOCIETY 
Advance Notice of Meeting 

Arrangements are being completed for the holding of the 1933 meeting 
of the Society at Eegina, Sask., in July, in conjunction with the World ^s 
Grain Fair and the C. S. T. A. Convention. A eomniittee under the chair- 
manship of Dr. P. M. Simmonds, Saskatoon, has been appointed to look 
after local arrangements. 



PHYTOPATHOLOGY 

VOLUME 23 NUMBER 5 

MAY, 1933 

ENVIRONMENTAL FACTORS IN RELATION TO SNAP--BEAN 
DISEASES OCCURRING IN SHIPMENT 

J. I. Lauritzen, L. L, Harter, and W. A. Whitney 
(Accepted for publication July 28, 1932) 

INTRODUCTION 

Anthraciiose (Collet otrichum lindemutJiianmn (Sacc. and Magn.) Bri. 
and Cav.), bacterial blight (Bacterium phaseoli E.P.S. or Bact. medicaginis 
var. pliaseolicola (Bnrk.) Link & Hall), watery soft rot (Sclerotinia sclero- 
tiorum (Lib.) de Bary), cottony leak (Pythium hutleri Subr.), soil rot 
(Bhkoctonia solani Kiihn), southern blight (Sclerotium rolfsii Sacc.), 
Rhizopus soft rot (E. tritici Saito and E. nigricans Ehrnb.), and gray mold 
rot (Botrytis cinerea Pers.) are the principal transit diseases of snap beans, 
Phaseolus vulgaris L. 

Some idea of the distribution and relative importance of some of these 
diseases may be had from the data presented in tables 1 and 2, obtained 
from market-inspection certificates, issued by the Division of Fruits and 
Vegetables, Bureau of Agricultural Economics, U. S. Department of Agri- 
culture. The certificates employed represent all the car-lot inspections made 
at terminal markets in the United States during the years 1922 to 1928, 
inclusive, and deal with questions of grade and condition, including disease. 

Table 1 indicates the States and geographical districts from which the 
cars originated. It does not, however, show the number of times that a 
particular disease originated from a particular State or district. It will 
be seen that watery soft rot is present in all the districts and in most, if not 
all, of the States. Anthraciiose shows the next widest distribution and 
blight, the third. Some States, mostly along the South Atlantic and Gulf 
Coast, show the presence of all the diseases. 

Table 2 shows that out of 3,107 cars inspected at all the terminal markets 
in the United States during the years 1922 to 1928, 15 per cent showed 
watery soft rot; 6.7 per cent, anthracnose; 3 per cent, bacterial blight; 
2.3 per cent, soil rot; 1.3 per cent, Rhizopus soft rot; 0.8 per cent, gray 
mold rot ; 3.1 per cent, other diseases (including slimy soft rot and powdery 
mildew, etc.) ; 17.1 per cent, injuries (including scarring, insect injury, 
freezing, etc.) ; and 50.6, showing no disease. It should be stated that the 
15 per cent watery soft rot probably includes some cottony leak that was 
not distinguished from the former until 1925 (4). 

411 



412 Phytopathologt [Vol. 23 


TABLE 1 . — Bistmiition of the principal transit diseases of beans by States and 

geographical units 


Unit 

State 

Anthracnose 

Blight 

Watery 
soft rot 

Soil rot 

Rhizopus 
soft rot 

Slimy 
soft rot 

Gray 
mold rot 

South Atlantic 

Yirginia 


+ 

+ 




P 

and Gulf 

North Carolina 

+ 

+ 

■f 





Coast 

South Carolina 


+ 

+ 

+ 

P 

P 



Georgia 

+ 

+ 





P 


Florida 

+ 

+ 

+ 


P 

P ■ 

P 


Alabama 





P 


P 


Mississippi 

+ 

+ 

+ 

+ 

P 

P 

P 


Louisiana 

+ 

+ 



P 

P 

P 


Texas 

+ 

+ 

+ 

+ 

P 

P 

P . 

Middle Atlantic 

New York 

+ 








New J erse j 

+ 








Delaw^are 









Maryland 

+ 

+ 

+ 

+ 




South Central 

Kentucky 

+ 







East 

Tennessee 

+ 

+ 

+ 

+ 

P 


P 

South Central 

Oklahoma 








West 

Missouri 









Arkansas 

+ 







North Central 

Ohio 




P 





Michigan 









Illinois 








West and Far 

Colorado 


+ 






West 

Oregon 









California 



+ 






a (-f-) = Presence of disease. 


Aside from the 'vvork of Eamsey (10) on Sclerotinia soft rot and Harter 
and "Whitney’s investigations (4) on cottony leak, the information avail- 
able on the transit diseases of beans is limited largely to casual observa- 
tions. Fulton (3) reports that anthracnose probably develops during the 
marketing of beans on lots that were apparently sound when picked. 

Hedgcock (6) described Ehizoetonia lesions on bean pods. Fulton (3) 
reports damping off of bean seedlings, a dry rot of the stem, and lesions 
on the pods, all caused by Ehizoetonia. He believes that infection of pods 
is associated with injury of some kind. He states that the fungus often 
causes a bronzing in the absence of the development of lesions. Barrus (1) 
claims that Ehizoetonia attacks only pods lying in contact with the soil. 

Eamsey (10), in his extensive studies on some of the species of’Sclero- 
tinia eaiising decay of vegetables, found that, although S. solerotiornm, 
8. intermedia Eamsey, 8. minor dagger, and 8. ricini Godfrey are able to 
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TABLE 2 . — Belative losses in heans in transit due to diseases and injuries 


Condition 

Number 

Cars affected 

Per cent 

Extremes of 
decay in 
cars 

Per cent 

Watery soft rot 

474a 

15.0 

Td to 33.0 

Antliracnose 

207 

6.7 

T to 38.5 

Bacterial blight 

93 

3.0 

T to 75.0 

Soil rot 

71 

2.3 

T to 62.0 

Bhizopus soft rot 

39 

1.3 

T to 80.0 

G-ray mold rot 

25 

0.8 

T to 16.0 

Other diseases^ 

95 

3.1 


Injuries<^ 

530 

17.1 


No decay 

1,573 

50.6 



a Total number of cars inspected from 1922 to 1928, inclusive — 3,107. 

^ Including slimy soft rot, powdery mildew, undetermined soft rot, an unnamed 
decay, and an unidentified nest. 

c Including scarring, insect (principally corn-ear worm) injury, freezing, and other 
uncatalogued blemishes. 

d T — Trace or less than 1 per cent. 

infect and decay beans, 8, sderoiiorum is responsible for most of the decay 
occurring in transit. On the losses occnrring in transit, he has the follow- 
ing to say (p. 600) : ‘‘After selecting at random 42 cars of green beans, 
which on inspection at market showed Sclerotinia decay, it was found that 
the percentage of infection ranged from 5 per cent in some cars to as high 
as 75 per cent in others, the average for all the cars being 24 per cent.’’ 
He obtained infection of slices of turnip and carrots and of lettuce leaves 
by means of ascospores and of beans by means of mycelium and sclerotia 
of 8. scleroUorum, The range of temperature at which ascospores were 
germinated in sterile water and nutrient broth was 3-4 to 30-31°.^ The 
fungus grew on potato-dextrose agar at temperatures extending from 0° to 
32-33° and infected beans from 0° to 27-30°. Harter and “Whitney (4) 
reported the common occurrence of cottony leak during the warmer months 
of the year in snap beans shipped to northern markets from the South and 
that the disease probably originated in the field. They compared the decay 
produced by Pythium iutleri (P. apliamdermatmn) with that produced 
by 8, scleroUorum, Bhizoctonia solani, BotryUs cinerea, Eliizopus tritici, 
and P. nigricans. Pythium caused a more rapid decay at warm tempera- 
tures (about 25°) than the other pathogens. They (5) found the maximum, 
minimum, and optimum temperature for growth of P. IftiMeri on corn-meal 
agar to be approximately 38.8°, 6°, and 32°, respectively. 

iIFuless otherwise indicated in. the text, the temperatures recorded throughout this 
paper are expressed in 
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Important considerations in connection with the transit diseases of 
beans^ are source of inociilnm, origin of infection (whether in field or in 
transit), and the effect of temperature and time on infection and the sub- 
sequent development of the disease. 

In an effort to throw additional light on some of these questions, experi- 
ments were conducted during the 6 years 1925 to 1931, at Arlington Ex- 
periment Farm, Eosslyn, Virginia. 

MATERIALS AND METHODS 

Pathogens. The pathogens used in these experiments and their origins 
are as follows: Golletotricliim Imdemiithiamim, bean; Bacterium phaseoli, 
bean and Lima bean ; Selerotinia sclerotiorum, sweet potato ; Pythium Mit- 
leri, sweet potato; BJmoctonia solani, bean; Sclerotnm rolfsii, bean; 
Bhizopus iritici, sweet potato ; B. mgricans, sweet potato ; and Botrytis 
cinerea, pepper. Some experiments were conducted with G. lindemuthianum 
ill which the inoculum was obtained from anthracnose lesions on bean pods. 

Host. The beans used were obtained on the Washington market and 
originated in Florida. They w^ere purchased the morning they arrived and 
used at once in the experiments. The Bountiful variety was mostly used, 
but each of the varieties Black Valentine, Longfellow, Giant Stringless 
Green Pod, and an unidentified variety were used once. In all the experi- 
ments, defective, abnormal, or infected beans were sorted out. 

Technique. The inoculations in case of all the pathogens, except Gol- 
letotrichum lindemuthianum and Bacterium phaseol% were made in a sim- 
ilar manner. A bit of the fungous growth was placed in a small slit made 
in the pod, which was then placed in the center of a 4-qt. till basketful of 
beans. In some of the trials, involving infection by species of Ehizopus, 
dependence was placed upon these fungi normally present on the beans. 
In the experiments with anthracnose, spores were either inserted into pods 
with a needle or sprayed on them with an atomizer. Whenever inocula- 
tion experiments were attempted with the blight organism the inoculum 
was introduced into the bean pods by means of a needle puncture or the 
beans were atomized with a water suspension of the bacterium. In some 
of these experiments with the latter pathogen, beans known to be contami- 
nated and possibly infected wdth blight in the field were used. 

Equipment and Gontrol of Temperature and Humidity. The beans 
were stored either in ventilated insulated chambers (8) or in galvanized 
iron ehambers (9) the temperature of which was controlled by thermoregu- 
lators. The humidity of all chambers was governed by wmter in evapora- 
tion pans. 

2 XJse of tlie term ‘ ‘ bean ^ ’ or ‘ ^ beans ’ ’ througkout this paper signifies snap beans 
and not shelled beans. 
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EXPERIMENTAL WORK AND RESULTS 

Anthracnose. The ability of Collet otrichimi lindemiitJiiant07% to infect 
snap beans (Longfellow and Bountiful varieties) has been demonstrated 
by two types of experiment — -one in which spores were inserted into the 
beans by needle pricks and the other in which the spores from culture or 
from infected beans were sprayed on the pods with an atomizer. The de- 
velopment of anthracnose lesions has been observed in inoculated sound 
beans and in inoculated and noninoculated beans contaminated and pos- 
sibly infected in the field. 

Pods inoculated by inserting ispores with a needle became infected (Ex- 
periment 1, Table 3) within 2 days at temperatures of 15.5°, 19°, 22.5°, 
28°, 31°, and 33°. These pods were placed in the center of 4-qt. till baskets 
of beans (Bountiful variety) and the baskets stored at the various tempera- 
tures. At the end of 3 days, infection was evident at 12°. A temperature 
of 33° is 2° higher than the maximum obtained by Edgerton (2) wdien the 
organism was grown on culture media. In a second experiment (Experi- 
ment 2, Table 3), infection occurred in 4 days at temperatures ranging * 
from 8° to 31°. Checks were run in both experiments and negative results 
were obtained at all temperatures. 

A quantity of beans (Bountiful variety) was purchased, showdng the 
presence of a slight amount of anthracnose. All beans bearing anthracnose 
lesions, were carefully culled out and the apparently sound ones were 
divided into 3 lots. One lot was placed in 4-qt, till baskets and, without 
further treatment, wus stored at various temperatures. The second lot was 
sprayed with Collet otrichicm lindemuthianum spores from test-tube cultures 
grown on bean pods. The third lot was inoculated by spraying with a water 
suspension of spores obtained from anthracnose lesions on living pods. 
After inoculation the last 2 lots were transferred to 4-qt. tilh baskets and 
stored at the various temperatures with the noninoculated beans (checks). 

The results obtained from the checks (Table 4) illustrate the develop- 
ment of anthracnose lesions at various temperatures in beans free from any 
visible signs of infection at the time they were stored. Lesions developed 
over a range of temperature from 7.5° to 29°. Lesions had already de- 
veloped in 6 days at temperatures of 15°, 17.5°, 21°, 25°, and 29°. At 
temperatures of 12.5°, 10°, and 7.5°, the first lesions were observed after 8, 
11, and 18 days, respectively. The lesions may have resulted from incipient 
infections or new infections or from both. 

That lesions may result from the inoculation of beans with spores of 
anthracnose is evident from the results (Table 4) obtained from the beans 
inoculated with spores from culture and from live pods, as compared "with 
those obtained from the checks. In most instances the inoculated beans 
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TABLE 4 . — InflitericG of temperature on the development of anihracnose lesions m field-contaminated^ Tyeans (Bountiful 
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A few of the pods showed anthracnose lesions when purchased. These pods were carefully sorted out before starting the 



418 


Phytopathology 


[VoL. 23 


gave a marked increase in infection over the checks, especially if time 
enongh was allowed for infection resulting from inoculation to take place 
at any particular temperature under consideration. On the whole, the 
percentage of infection was higher in beans inoculated with spores taken 
from the living bean pods than in those inoculated with spores from culture. 

Two experiments were run in which beans (Bountiful variety), free 
or nearly free from field contamination or infection, were inoculated by 
spraying with a spore suspension of Colletotrichum lindemiiihianum. One 
lesion developed at one temperature (31°) in the checks in one of the 
experiments; the checks in the second experiment showed no evidence of 
anthracnose. In the first experiment, one lot of beans was inoculated with 
spores from culture and another lot with spores from the host. In the 
second experiment spores from the host alone were used. One 4-qt. till 
basket of inoculated and one of noninoculated beans were stored at different 
temperatures from 2° to 31° (Table 5). Inspections were made in the 


TABLE 5 . — delation of temperature and time to infection of sound beans {Bounti- 
ful variety') inoculated with a spore suspension of Colletotrichum lindemuthianumo> 


Tempera- 

ture 

Eelative 

humidity 


Percentage of beans infected after different periods of 
time in days 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Per ct. 















31 

93 

0 


0 


0 


0 








29 

97 

0 

0 

0 

0 

0 

0 

0 








27 

92 


0 

4 

40 


76 









25 

95 

0 

0 

28 

88 

91 

o 

o 

1 — 1 

98 








22 

93 

0 

0 

8 

64 

88 

99 

98 








17.5 

89 

0 

0 

0 

0 

18 

17 

72 

70 

89 


96 




15.5 

92 

0 

0 

0 

0 

1 

0 

23 

40 

73 

76 

94 

86 

97 

96 

12 

93 

0 

0 

0 

0 

0 

0 

0.8 

0 

0 

36 

25 

68 

71 

84 

10 

98 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

20 

20 

67 

, 7 

92 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.9 

0 

0.9 

5.5 

95 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 


0 


2 

97 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 


0 


a The data taken after 3, 5, 7, 9, 12, and 14 days were obtained from one experiment 
and those for 4, 6, 8, 10, 11, 13, 15, and 16, from a second experiment. 


first experiment after 3, 5, 7, 9, 12, 14, and 16 days and in the second after 
4, 5, 6, 8, 10, 11, 13, and 15 days. Table 5 contains the composite results 
of these experiments with snap beans inoculated with a spore suspension 
from the host, and table 6 shows the results fi*om the one experiment in 
which beans were inoculated with spores from culture and host. The 
results given in table 5 are represented graphically in figure 1. 
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Eig, 1. Percentage of infection of one 4-qt. basket of beans inoculated by spraying 
with a water siDore suspension of ColletotrieJmm lindemutMamm from living bean pods, 
after diiferent periods of time at various temperatures. 


The earliest infection was observed in 5 days. In the first experiment 
an inspection was not made on the fourth day. However, judged by the 
amount of infection oecurring in 5 days in this particular experiment, there 
probably was no infection in 4 days, either when inoculated with spores 
from pure culture or with spores from the host (Table 6). If all the 
results are taken into consideration, the earliest infections were limited to 
temperatures of 22*^, 25®, and 27®. As the temperature fell below 22®, 
the earliest infection occurred in 7 days at 15.5® and 17.5®, in 9 days at 
12® and 12.5®, in 12 days at 10®, and in 14 days at 7®. No infection oc- 
curred at 2® or 5.5® in 16 days. The highest temperature at which infec- 
tion occurred was 27®, which approximates the maximum (27.2°) (7) ob- 
tained for infection of growing bean plants. The lowest temperature at 
which infection was obtained is 7®, about 7® below the lowest temperature 
(14.4®) at which infection of growing bean plants was obtained (7). In 
the latter case the plants were exposed to the various temperatures at 
humidities favorable to infection for 24 hours, when they were removed to 
humidities that did not permit infection, whereas, in the former case, the 
bean pods were stored at favorable humidities at temperatures of 15.5® 
and below for periods of 11 to 18 days. This difference in time of exposure 
to conditions favorable to infection, as well as the physiological differences 
between plants and pods, may account for the difference in the lower tem- 
perature limits of infection in the two cases. The optimum temperature 
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TABLE 6. — Influence of Und of inoculum on inf eciion of heans {Bountiful variety) ly 
ColletotricTiuon UndemutTiianum at different temperatures 


Tempera- 

ture 

■ E-elative 


Percentage of infection after different periods of time in days 


3 


5 


7 


9 

12 

14 

16 


humidity • 

Cnl- Cul- Cul- 

ture“ Host tore Host tiire Host 

Cul- 
ture Host 

Cul- 
ture Host 

Cul- 
ture Host 

Cul- 
ture Host 

°C. 

Per et. 














31 

93 

0 

0 

0 

0 

0 

0 

0 

0 






29 

97 

0 

0 

0 

0 

0 

0 

0 

0 






25 

94 

0 

0 

0.9 

7 

32 

91 

43 

98 






22 

93 

0 

0 

0.8 

3 

58 

88 

69 

98 






17.5 

91 

0 

0 

0 

0 

8 

18 

22 

72 






15.5 

90 

0 

0 

0 

0 

0 

1 

10 

23 

42 

76 

43 86 

50 

96 

12.5 

93 

0 

0 

0 

0 

0 

0 

0 

0.8 

20 

36 

58 68 

70 

83 

10 

98 

0 

0 

0 

0 

0 

0 

0 

0 

0.8 

2 

13 67 

65 

67 

7 

91 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0.9 

0 

0.9 

2 

97 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 


a In tlie one instance the heans were iuoenlated with a spore suspension from pure culture 
on sterile bean pods and in the other with a spore suspension from lesions on live beans. 


for infection of the pods ranges from 22° to 25°, the highest percentage 
of infection usually occurring at 25°. The optimum temperature for growth 
of Colletotrichum on culture media was 21° to 23° (2). 

It will be noted (Table 6) that the percentage of infection at any given 
temperature and period of time was higher in beans inoculated with spores 
from the living pods than from the culture. Infection was also obtained 
at a lower temperature (7° as compared with 10°) in the former than in 
the latter case. This fact, taken in connection with similar results given 
in table 4, suggests that spores taken directly from the host may be more 
pathogenic than spores from artificial culture media, or there may be a loss 
of virulence in culture. It may, however, merely mean that a heavier spore 
suspension was used in the one case than in the other. 

Bacterial Blight. Bacterium phaseoU and Bact. mecUcaginis var. phase- 
dicola cause lesions so similar on bean pods that they are not easily distin- 
guishable, and no attempt has been made in these investigations to differen- 
tiate between lesions produced by them. Bacterium phaseoli alone has been 
used in the inoculation experiments. 

The ability of Bacterium phaseoU to infect snap-bean pods detached 
from vines was tested in two ways: through •wounds and by spraying with 
a water suspension of the pathogen. 

Two experiments were conducted in which the needle-prick method was 
used, and infection (Table 7) took place readily over a range of tempera- 



TABLE 7 , — delation of temperaiiire to infection of heans^ ly Bacterium pliaseoU (needle imnctures) 
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ture extending from 2° to 31°. No infection occurred at 35.5°. Consid- 
erable infection had occurred at temperatures of 24°, 24.5°, and 31° in 4 
days in the two experiments, and in one of the experiments 7 per cent of 
tlie inoculations at 21° resulted in infection in 4 days. In one experiment 
at 15.5° there was 25 per cent infection in 6 days and, in the other, 27 per 
cent in 10 days. In one experiment there was no infection in 8 days at 
12° and none in 15 days in the other. In the latter case the results were 
complicated by infection by Botryiis dnerea. Infection was evident in 11 
days at 8° and 2° in one experiment and in the other experiment, at 2°, 
but not at 6° in 15 days. 

Three experiments were conducted in which a ^vater suspension of Bac- 
terium pJiaseoli was sprayed on snap-bean pods by means of an atomizer. 
In the first 2 experiments, blight was present on the beans when purchased. 
In the third it was absent. In the former two all the infected pods were 
sorted out before inoculating the remaining beans. In each case the beans 
were stored at various temperatures in 4-qt. till baskets. The temperature 
range employed for each of the 3 experiments was as follows: 5.5° to 29° 
(11 temperatures), 2° to 31° (10 temperatures), and 1.2° to 29° (11 tem- 
peratures), respectively^ The relative humidities were above 90 per cent 
in all eases. All 3 experiments yielded negative results so far as the effects 
of inoculation are concerned. This fact is not so clear in those experiments 
in which blight infection was present in the original stock as it is in the one 
in which blight was absent. The results of one of these experiments in 
which blight was originally present are given in table 8. The findings of 
the second experiment were similar. There w^as even slig^htly less infection 
in the inoculated as compared with noninoeulated beans (Table 8), as indi- 
cated by the compensated percentages that represent the difference between 
the percentage of infection in the cheeks and the inoculated beans. The 
absence of infection was not due to a lack of virulence on the part of the 
pathogen because infection resulted in beans inoculated by puncturing the 
pods with a needle contaminated with the organism and stored at the vari- 
ous temperatures along with the sprayed beans. Seventy-two per cent of 
the 25 needle-prick inoculations at 28° resulted in infection in 3 days, 56 
per cent at 21° in 11 days, 8 per cent at 17° in 11 days, and 24 per cent at 
15° in 11 days. No cheeks were run in connection with the other 2 experi- 
ments, but the needle-prick method of inoculation has always yielded posi- 
tive results in our experiments. 

The results obtained from inoculations with a bacterial suspension may 
be interpreted in one of two ways: either the conditions suitable for infec- 
tion were not met OT Bactermm phaseoU normally lacks the ability to infect 
uninjured pods detached from the vines. 
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Tlie results submitted in table 8, as well as those obtained from the other 
experiment in which blight was found present in the original stock, indi- 
cate that blight may develop in snap beans stored at various temperatures 
in which there were no visible signs of the disease at the beginning of stor- 
age. Blight lesions developed at temperatures from 1.2° to 29°. After 6 
days’ storage infection in noninoeulated beans varied from 5.4 to 16.2 per 
cent at temperatures from 15° to 29°. There was an increase in the per- 
centage of infection with the lapse of time at temperatures below 21°. 

In order to give a more adequate picture of the development of blight 
as related to temperature and time, daily readings were taken of the blight 
present in beans of the Bountiful and Giant Stringless Green Pod varieties 
stored at 11 different temperatures in 4-qt. till baskets. About 7 per cent 
of the pods of both varieties were infected when purchased on the market. 
They had been 3 days en route from Canal Point, Florida, to ‘Washington, 
D. C. The blighted pods were carefully sorted out and the rest of the 
beans thoroughly mixed to insure a fairly uniform distribution of contami- 
nated beans or those that may have been carrying incipient, invisible 
infections. 

The results obtained from the 2 varieties were so similar that only those 
of the Giant Stringless Green Pod will be presented (Table 9). Blight 
developed at all temperatures, although very little at 35°, indicating that 
this temperature is approaching the maximum. There is a wide range (10° 


TABLE 9. — Influence of temperature and time on the development of hlight in heans 
of the variety Giant Stfingless Green Tod 


Tempera- 

Eelative 

Pods 

Percentage of beans infected after different periods of 
time in days 

ture 

h, timidity 


1 

2 

3 

4 

5 

6 

7 

8 

11 

° C. 

Ter cent 

Number 










35.0 

92 

288 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 



31.0 

92 

224 

0.9 

1.4 

2.2 

2.7 

4.0 

6.7 

8.9 



28.5 

95 

260 

1.2 

3.5 

5.4 

8,1 

8.1 

9.5 

8.8 



■ 24.5 

91 

233 

4.3 

6.8 

9.4 

9.0 

11.2 

13.3 

12.9 

14.2 


24.5 

91 

249 

2,0 

5.2 

6.4 

6.4 

8.0 

8.0 

11.2 

15.3 


19.5 

94 

298 

5.0 

7.1 

6.7 

8.4 

8.4 

9.1 

9.1 

13.1 


19.5 

94 

274 

6.2 

7.7 

9.1 

11,0 

10.2 

13.1 

11.7 

11.3 


17.5 

91 

244 

4.9 

4.1 

5.7 

9.0 

8.6 

11.1 

11.9 

12.3 


15.0 

94 

286 

3.2 

4.5 

5.2 

8.4 

11.2 

12.6 

12.6 

12.6 


13.0 

93 

243 

1.7 

3.3 

4.9 

4.9 

8.2 

9.1 

8.2 

9.1 


10.0 

99 

268 

1.9 

3.0 

3.7 

4.9 

9.3 

9.3 

11.6 

11.9 


7.0 

93 

234 

1.3 

2.6 

2.6 

2.1 

2.6 

5.1 

5.6 

6.4 

7.2 ' : 

2.0 

97 

263 


2.5 

2.5 

^ 2.7 

4.6 

4.2 

4.2 

4.2 

4.2 
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to 24.5^) of teraperatiire at 'wliieli there was little difference in the per- 
centage of pods infected. There is some irregularity in the percentage of 
infection wdthin this range, persisting at certain temperatures throughout 
the duration of storage (compare results at 10'', 13°, and 15°). As the 
temperature fell below 10° the percentage of infection generally decreased. 
In the case of the variety Bountiful there w^as a gradual decrease as the 
temperature fell below 17.5°. 

New infections may not normally occur in pods detached from the vines, 
but blight will develop over a wide range of temperature in contaminated 
lots sorted free of any visible signs of infection. 

Watery Soft Bot. Infection and the spread of watery soft rot {Sclero- 
tinia scleroUortim) during transit are probably primarily effected by means 
of mycelium and possibly in some instances by ascospores and sclerotia. 
Its development probably results from the inclusion of infected beans and 
possibly of ascospores and sclerotia in the shipping package. The mycelium 
radiates from local points of infection and soon forms a continuous mass 
of decayed beans and mycelium, known in the trade as a '^nest.’’ 

The rate of development of these nests, at various temperatures, is an 
important element in determining the losses occasioned during transit. 

A series of 5 experiments was conducted from 1926 to 1928, with 
3 varieties of beans (Bountiful in 3 experiments, Longfellow in 1, and an 
unidentified variety in 1. The results of 2 experiments are presented in 
tabulated form in table 10. The comparative rates of decay in the 5 ex- 
periments at various temperatures after a given period of time are repre- 
sented graphically in figure 2, A. Infection was obtained within a tem- 
perature range of 0° to 28°. Infection occurred in 1 experiment at 27.5° 
in 5 days (Table 10) and in a second at 28° in 7 days. No infection devel- 
oped in a third in 4 days at 28° or in a fourth in 5 days at 28.5°. A tem- 
perature of 31° was employed in 1 experiment and a temperature of 32° 
in 2 experiments. There was no infection in the former in 4 days nor in 
the latter in 5 and 7 days, respectively. These temperature limits for in- 
fection of snap beans correspond almost exactly with those (0° to 27”-28°) 
obtained by Bamsey (10). 

Infection occurs very slowly at 0° to 2°. In 2 experiments in which the 
duration of storage was 20 days at 2°, the number of pods infected besides 
the inoculated bean was 1 and 2, respectively. In 2 experiments infection 
was limited to the inoeulated beans after 15 days^ storage at 1.8°. In a 
third experiment 1 pod, besides the inoculated bean, became infected in 15 
days at 1.8°. Infection was not observed in a shorter time at this tempera- 
ture. Infection occurred in 9 days at 5.5° to 6°, in 7 days at 8° (data not 
given in table) , and in 4 days at 12° (Table 10) . The maximum number 
of infections occurred at temperatures ranging from 19° to 24.3° in 4 of 
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TABLE 10 . — Melation of temperature and time to infection of snap-heans^ 'by Scleroima sclerotiorum 
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inspection was made in 5 clays (Pig. 2, A). The lack of uniformity in the 
results of the different experiments at a given temperature is explained, in 
part, by the fact that the results of individual inoculations are expected to 
vary in the amount of decay they produce. 

Cottony Leak. The nesting of beans, caused by PytJihm hiitleri 
(aphanidermahim) f is very similar (4) to that produced by Sclerotinm 
sderotiomm and, before 1927, the decays produced by these organisms were 
not differentiated. Although it is not definitely known just how decay is 
initiated in transit, it is believed to be due largely to the inclusion of in- 
fected pods in the hampers of beans at the time of picking. Healthy beans 
become infected if placed in contact with diseased pods. As a result, nests, 
sometimes involving several quarts of beans, are formed in the containers 
during the shipping period. 

In order to study infection and the development of cottony leak at 
various temperatures, 3 tests (only 1 reported in tabulated form, Table 11) 
w^ere made in w^'kich the beans (Bountiful, Longfellow, and an unidentified 
variety) were inoculated and stored in the same fashion as in the experi- 
ments with Avatery soft rot. Infection occurred at 12"^ to 35.6°. Higher 
temperatures than 35.6° were not employed. Infection was limited to the 
inoculated bean at 12° and 15.5°, even after 16 days’ storage. This tem- 
perature is 6° above that of the minimum growth of the pathogen in pure 
culture, as obtained by Harter and "Whitney (5). The maximum amount 
of decay 'vvas obtained at 31°, above and below which decay decreased as 
the temperature wms raised or lowered. The shortest time required for 
infection to occur at the higher temperatures was not determined. Judging 
by the amount present in 2 days at temperatures from 21° to 35°, its de- 
velopment is very rapid. 

Soil Rot. Field infection of bean pods probably originates in most, if 
not all, instances from contact of the pods with the soil, although it is con- 
ceivable that it may occur in other ways, such as from the splashing of 
infested soil onto the pods or vines during heavy rains. Infection of beans 
in transit by BJmoctonia solani may result in nesting. As a rule, however, 
the fungus grows superficially through a lot of beans, infecting pods at local 
points and forming definite concentric lesions on the pods. 

A series of 5 experiments was conducted from 1926-1928 in which 3 
varieties of beans (Bountiful in 3 experiments, Black Valentine and an 
unidentified variety in each of the other 2) w^ere used. The beans were 
inoculated and stored at various temperatures in the same manner as in 
the experiments with watery soft rot. The results of 3 experiments are 
given in table 12. The highest and lowest temperatures at which infection 
was obtained were 35.5° and 0.9°, respectively. Only in 1 experiment was 
infection observed at temperatures below 11.5°. The first evidence of in- 
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i> Infection confined to inoculated x3od. 
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fection in the inoculated pod at temperatures of 0.9° and 2° occurred in 
20 days, and in 16 days at 5.5° and 8° (Experiment no. 1, Table 12). A 
temperature of 35° to 35.5° was employed in 4 out of the 5 experiments. 
Infection was obtained at this temperature in only 2 experiments. In the 
fifth experiment there was infection at 32°, the highest temperature em- 
ployed. It would seem from these results that a temperature of 35° is 
near the maximum for infection. There was some variation in the tem- 
perature at which the maximum amount of infection (Table 12 and Fig. 
2, B) occurred. The number of inoculations at a given temperature was 
here also a limiting factor. Furthermore, it is believed that a normal 
variation in a temperature optimum is to be expected. The optima obtained 
in all 5 experiments lie within the limits of 24° and 32°, respectively. Con- 
siderable infection may take place at 15.5° to 33°. Although infection has 
occurred in 5 days at 10.5° (Experiment 1, Table 12), it is usually very 
limited below 15.5°, even after 15 to 20 days’ storage. The rate of develop- 
ment of the number of beans showing Ehizoctonia lesions between 20° and 
30° is high. (Fig. 2, B.) 

Southern Blight. Infection of beans by Sclerotium rolfsii during 
transit probably results from the inclusion in the pack of soil-contami- 
nated bean pods in much the same way as in the case of Sclerotina sclero- 
tiorum and Ehizoctonia solani. Nesting occurs in the same manner as it 
does in watery soft rot and cottony leak. 

Three experiments (only 1 reported in tabulated form, Table 13) simi- 
lar to those of watery soft rot were conducted with Sclerotium rolfsii In- 
fections were obtained at temperatures from 8° to 35.5° (Table 13). Judg- 
ing by the number of pods (7 in 1 and 3 in another experiment) infected 
ill 3 days at 35.6° in 11 days at 8° infection was limited to the mere begin- 
nings of decay of the inoculated pod. No infection occurred at 6° in the 
3 trials. The maximum number of infections in each trial in 3 and 4 days 
occurred at 31° (Fig. 3). As the temperature rose above or fell below 
31°, the rate of decay declined rapidly. Infection had occurred at tem- 
peratures of 17.5°, 23°, 28°, 31°, and 35.5° in 2 days. Decay had just 
started at 17.5°. The earliest infection (inoculated pod) at 12° occurred 
in 5 days (data not included in table) and at 8° in 11 days (Table 13) . 

Bhizopns Soft Bot. Although no accurate survey has been made of the 
species of Khizopus responsible for decay of beans in transit, B. tritici and 
B. nigricans are the only ones that have been noted. The species are suf- 
ficiently omnipresent to be a source of decay in beans in transit whenever 
the conditions are favorable for infection. Nesting is a charaeteristic of 
Rhizopus decay, although it is not so pronounced as in watery soft rot, cot- 
tony leak, and southern blight. 
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Eig. 3. Relation of temperature to the rate of decay of beans by ScleroUum 
rolfsii at different temperatures in 3 or 4 days in three experiments. 

Two experiments were run with, eacli of BMzopus tritici and B, nigricans 
in which the beans were inoculated in the same manner as in the case of 
watery soft rot and stored at the various temperatures in 4-qt. till baskets. 
The diameter of the nest and the number of beans infected about a point 
of inoculation were used as criteria of decay. Data also were taken in con- 
nection with noninoculated beans (checks) stored at the various tempera- 
tures in the experiments dealing with the other diseases. The results of 
one of the experiments with inoculated beans are given in table 14 and those 
of the noninoculated beans in table 15. 

There was little difference in the amount of infection or decay between 
bean pods inoculated with Bhizopus iriUci and B. nigricams in either ex- 
periment. At 12° and 15.5°, inoculation with B. tritici resulted in infec- 
tion in 1 experiment, while inoculation with B. nigricans caused decay in 
both. Inoculation of beans by either species resulted in heavier and more 
uniform infection than is the rule in beans stored without inoculation. The 
inclusion of an infected bean in the container at the time of shipment, 
therefore, would be expected to aggravate greatly the losses incurred during 
transit at temperatures favorable to infection and decay. 

Infection has been obtained in noninoculated and inoculated beans over 
a range of 12° to 35.5°. No infection ever has been obtained at tempera- 
ture below 12°, even after 16 to 20 days^ storage, whether the beans were 
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TABLE 15 . — Normal infection T^y species of Nhisopus in 5 lots of leans^ 
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0 

0 
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4 
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5 

5 

5 

7 

7 

7 
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0 
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a The varieties of beans used were as follows: laot 1, Longfellow; Lots 2, 3 and 5, Bountiful; Lot i, an unidentilied variety. 
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inoculated or not. Although the nornial occurrence of Rhizopns infection 
at the various temperatures is somewhat erratic, it occurs commonly at tem- 
perature above 25 and sometimes in large amounts, especially if the tem- 
perature goes above 30°. 

Gray mold rot. Botrytis cinerea is more or less omnipresent, and infec- 
tion of beans may occur in transit whenever conditions of temperature and 
moisture are favorable. Infection may begin in the field through contact 
of the pods with the soil. Because of the slow development of Botrytis, 
the losses in transit are rarely ever large. 

The study of the effect of temperature on infection and decay by 
Botrytis cinerea involved 3 experiments in which a snap bean was inocu- 
lated by placing a small bit of the fungus and agar in a slit made obliquely 
in the pod by means of a sterile knife. The inoculated pod was then placed 
at the center of a Aqt. till basket of beans. In 2 of the experiments the 
quantity of beans at each temperature was limited to 1 basket and in the 
third to 2 and 3. The results given in table 16 are from the latter experi- 
ment. The variety Bountiful was used in each experiment. 

Infection was obtained at a range of temperature from 0° to 35.5°. In 
4 days some infection had taken place at 12°, 15,5°, 17.5°, 23°, 28°, and 
35.5°. Judging by the number of infections at the various temperatures, 

TABLE 16. — Relation of temperature to infection of heans {Bountiful) "by Botrytis cinerea 
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0 
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1 

20 

2 
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90 
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0 

0 

0 

0 

0 
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1 


a Tlie results on the fourth day or days are the averages of 2 baskets of beans at each 
temperature, those for the remaining period from 1 basket, 

b The results at 6^= were obtained from S baskets, after 6 days from 1, after 8 and 11 days 
from a second, and after 15 days from a third. 
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decay was mostly in the initial stages. In another experiment infection 
occurred at 22,5° in 2 days at at 6° and 8° in 6 days. The first infections 
observed at 2° occurred in 11 days and at 0° in 15 days. The maximum 
number of infections occurred at 17.5° in 4 days. In another experiment 
infection had occurred at 22.5° in 2 days, but none at the other tempera- 
tures. In the absence of more comprehensive results the optimum may be 
tentatively placed somewhere between 15.5° and 23°. 

DETERIORATION OF SNAP BEANS NOT CAUSED BY DISEASE 

A consideration of the conditions affecting development of transit dis- 
eases would be incomplete without some discussion of the effect of these 
conditions on the beans themselves. 

Various signs of deterioration, such as bleaching, yellowing, rusting or 
bronzing, loss of turgor, and a consequent tendency to toughness, may 
develop during storage. These signs of deterioration lack sufficient definite- 
ness to indicate their development very accurately. An effort, however, 
was made to characterize the loss of quality in the cheeks run parallel to 
the disease tests. (Tables 17 and 18). 

In considering the results it should be kept in mind that the beans were 
from 4 days to possibly a week old when they were stored. It required 
from 2 to 4 days to transport the beans from Florida to Washington. The 
time between picking and loading undoubtedly varied, and the tempera- 
ture and humidity in the railroad car during transit are unknown. It can 
be said, however, that they were sufficiently favorable to permit them to 
arrive in Washington in good condition. 

The deterioration was rather rapid at the higher temperatures, taking 
place the most rapidly at 35° and 35.5°, the highest temperature employed, 
and decreasing in rate as the temperature was lowered. At 6° to 7° they 
retain their quality from 4 to 15 days. Below 6° the quality remained good 
from 6 to 15 days. 

DISCUSSION AND CONCLUSIONS 

In addition to the effects of temperature and humidity on infection and 
development of disease in beans en route -to the market, important differ- 
ences in diseases and in the pathogens that cause them must be taken into 
consideration in connection with any program dealing with the reduction 
of the losses in transit and marketing. Anthraenose and blight differ from 
the other diseases in being seed-borne, which involves the necessity of grow- 
ing beans from seed free from these diseases. Collet otrichum lindemuth- 
ianum, Pythmm butleri, Bhizopus tritic% E, mgricans^ and Botrytis cinereal 
reproduced by asexual spores can spread readily and rapidly. The asexual 
spores of the Khizopus species and B, cinerea probably are spread more 



TABLE 17.— P^^enora^ion o / heans not cmimd by disease in various lots stored at di^erent temperatures 
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readily tliaii those of C. Undemuthiamim and P. hutleri. Bcleroiima scle- 
rotioruniy Sclerotium roZ/si-i/and Rhizoctoma solani do not produce viable 
asexual spores at all, and thus are more limited in their capacity to spread. 
The vegetative nature of Bacterium phaseoU is such as to permit rapid 
spread. S. sclerotioruMy E. tritioi, E. nigricans, and P. hutleri reproduce 
sexually, and, in case of the last 3, oospores are produced that serve as 
resting‘ bodies to bridge the fungi over unfavorable conditions. S, sclero- 
tiorum, 8. rolfsii, E. solani, and B. cinerea form sclerotial bodies that aid 
in perpetuating their existence from season to season. The sclerotia of all 
4 organisms germinate directly into a vegetative condition. The sclerotia 
of 8. sclerotiorum may germinate directly or produce apothecia whose asco- 
spores facilitate the spread of the pathogen. In addition to being carried 
over from season to season in the seed, the blight pathogen is thought to be 
able to live over winter on bean refuse, especially in the warmer climates. 
The other pathogens are all able to live over in the soil. (C. lindemuth- 
iamimi is probably short-lived in the soil.) 8. sclerotiorum, P. hutleri, and 
8. roZ/sfi are primarily soil organisms, and most of the primary infections 
probably take place by the pods coming in contact with the soil. Beans 
may become infected by B. cinerea through their contact with the soil, but 
infection usually takes place in transit as a result of the pods becoming con- 
taminated with spores. 

The host range of anthracnose and blight, as reported, is limited to the 
common bean and a few closely related species and genera. None of the 
susceptible cultivated crops are likely to be grown in rotation with beans. 
Bclerotium rolfsii attacks a variety of cultivated crops (beet, cabbage, corn, 
eggplant, potato, pepper, radish, sweetpotato, tomato, etc.) and is widely 
distributed throughout the South. Sclerotinia sclerotiorum, widely dis- 
tributed in the United States, attacks a number of vegetable crops (cab- 
bage, carrot, celery, cauliflower, eggplant, lettuce, etc.), some of which are 
often grown in rotation. Ehizocton/ia solani attacks potatoes, turnips, beets, 
alfalfa, lettuce, eabbage, etc., and is widely distributed. Pythium 'hutleri 
affects such crops as cucurbits, eggplant, and tomato. Ehizopus tritici, E, 
nigricans, and Botrytis cinerea are more or less ubiquitous and omnivorous 
and will attack beans in transit whenever conditions are favorable. These 
pathogens are less dependent on field infection and contamination than the 
others. 

It has been assumed throughout these experiments that a high humidity 
in the bean container is favorable to infection and decay by the various 
pathogens. A relative humidity of 90 per cent and above has been pro- 
vided in nearly all cases. Because of the high water content of beans, a 
high humidity is probably nearly always present in the shipping container. 
In some instances, especially when the beans are packed wet and when the 
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fluctuation of temperature is such as to bring about condensation, free water 
will be found on them in the container. 

Wounding is not essential to infection of pods detached from the vines 
unless it be in the case of blight. 

Major emphasis should be directed towards the field control of anthrac- 
nose, bacterial blight, watery soft rot, southern blight, soil rot, and cottony 
leak. Effective control measures are available for the first 2 diseases. All 
diseased beans should be sorted out and the sound beans packed when dry 
and kept as cool as possible. If such beans are shipped at temperatures 
below 12°, very little, if any, decay by Ehizopus soft rot and cottony leak 
would take place. There would be little, if any, loss from anthracnose at 
temperatures of 10° and below in less than 10 or 11 days, and none at all 
at temperatures below 7°. The lowest temperature at which infection by 
ScUrotium rolfsii hdLS, been obtained is 8° in 11 days. Infection by Bhizoc- 
tonia solani took place in 5 days at 10.5°, in 16 days at 8° and 5.5°, and in 
20 days at 0.9° and 2°. 

The most difficult diseases to limit and control during transit are gray- 
mold rot and watery soft rot. Fortunately, because of its slow rate of 
development, gray-mold rot is not the source of heavy losses. If beans are 
contaminated with Sclerotima scUrotiorum, the best that can be done is to 
retard its development by shipping them at temperatures (0° to 5°) as low 



Pig. 4. Minimum time required at certain temperatures either for infection to oe- 
cixr or incipient infection of various diseases to become visible on beans. 
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as possible without incurring the danger of freezing. One bean had become 
infected with 8. sclerotiorum from one point of inoculation in 4 days at 12°, 

5 pods in 6 days at 8°, and infection had just started in 11 days at 2°, and 
in 15 days at 0°. Figure 4 illustrates the minimum time required for 
infection to occur at a number of temperatures in the case of all diseases 
except blight. In plotting these curves only cases of initial infection were 
used, and the graphs are based on all the results of all the experiments. 

Taking into consideration the effects of the different temperatures on 
the quality of the beans as well as on the development of the diseases, the 
lower the temperature (above the freezing point of beans) employed during 
shipment the better the results will be. 

SUMMARY 

OoiletotricMm lindenmthiamim will infect not only wounded but also 
wound-free beans when the pods are sprayed with a water suspension of 
spores. Infection took place in beans inoculated by means of a needle prick 
at temperatures from 8° to 33° and in beans inoculated by spraying with a 
spore suspension at temperatures from 7° to 27°. Lesions have developed 
in visibly healthy pods sorted out from stock showing the presence of 
anthracnose, when stored at temperatures from 7.5° to 29"". The optimum 
temperature for infection ranges from 22° to 25°, the highest percentage 
usually occurring at 25°. The shortest time in which infection has been 
observed to occur at temperatures of 22°, 25°, and 27° was 5 days; at 15.5° 
and 17.5°, 7 days; at 12°, 9 days; at 10°, 12 days; and at 7°, 14 days. C. 
lindemuthianum spores obtained from living bean pods seem to be more 
virulent than those obtained from artificial cultures. 

All attempts to obtain infection by spraying snap beans with a water 
suspension of Bacterium phaseoU were unsuccessful. Infections through 
needle pricks were obtained at temperatures from 2° to 31°. Development 
of blight lesions at temperatures from 1.2° to 35.0° were observed in beans 
free from visible signs of infection, which were sorted out from lots showing 
the presence of blight. The development -was very slight at 35° and rather 
slow at temperatures of 7° and below. There was little difference in the 
amount of blight that developed at 10° to 24.5°. 

Infection of snap beans by Sclerotinia sclerotiorum was obtained at tem- 
peratures from 0° to 28°. The time required for infection to occur at 
temperatures from 15.5° to 27.5° was not aeeurately determined. Five to 
15 beans had been infected from one point of inoculation in 4 days at 3 
temperatures. The earliest infection at 12° w^as observed in 4 days, at 8° in 
6 days, at 5.5° to 6° in 9 days, at 1,8° to 2° in 11 days, and at 0° in 15 days. 
The optimum temperature for infection is approximately 19° to 24°. 
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The range of temperatures at which infection of snap beans has been 
obtained by Pythium butleri extends from 12° to 35.6®. Infection at 12® 
and 15.5® was limited to inoculated beans after 16 days’ storage. The 
optimum temperature for infection is about 31®. 

Rhisoctonia solani infected snap beans at 0.9® to 35.5°. Twenty days 
were required for infection to start in the inoculated beans at 0.9® and 2®, 
and 16 days at 5.5® and 8®. The opitimum temperature for infection 
extends from 24° to 32®. 

Infection by Sclerotmm rolfsii was obtained on snap beans at tempera- 
tures from 8® to 35.6°, the latter being near the maximum. Infection at 8® 
and 12® was limited to the inoculated pod after 11 days of storage. No 
infection occurred at temperatures below 8®. 

Infection by Bhkoptts tritici and nigricans is not dependent on arti- 
ficial inoculation and will occur to some extent in snap beans exposed to 
temperatures above 30°. Infection has been observed in both inoculated 
and noninoculated beans at temperature extending from 12® to 35.5®. In- 
fection below 25® is usually very slight. No infection has ever been 
obtained at temperature below 12®. 

BoiryUs cinerea has infected snap beans at temperature from 0® to 35.5°. 
Infection occurred at 12®, 15.5®, 17.5®, 23®, 28®, and 35.5® in 4 days. Judg- 
ing by the amount present at the various temperatures, infection was still 
in the initial stages. Infection took place at 6° and 8® in 6 days, at 2® in 
11 days, and at 0° in 15 days. 

Deterioration of snap beans, aside from that produced by microorgan- 
isms, is very rapid at temperatures above 20®, especially at 35.5®, and 
decreases with the lowering of the temperature. 

In snap beans shipped from Florida to Washington, D. C., the quality 
remained good for 4 to 15 days at temperatures from 6® to 7® and for 6 to 
15 days at temperatures below 6®, 

Taking into consideration both the quality of snap beans and the dis- 
eases likely to occur in transit, shipment at temperatures below 10® is desir- 
able and the lower the temperature (above the freezing point of beans) 
the better. 

Bureau of Plant Industry, 

Washington, D. C. 
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SOME VIRUSES AFFECTING SPINACH, AND CERTAIN ASPECTS 
OF INSECT TRANSMISSION^ 

I S M ]S A . H 0 G G A N 
(Accepted for publication July 29, 1932) 

The mosaic disease of spinach {Spinacia oleracea L.) known as ^‘spinach- 
blighU’ has ocenpied a unique position among plant virus diseases for some 
time, as a result of the reported transmission of the causal agent of the dis- 
ease from infective parent aphids to their progeny through several genera- 
tions (13). This constitutes the only evidence yet recorded that tends to 
indicate a hereditary association of a plant virus with the transmitting in- 
sect. Since other investigations have revealed no further evidence of a 
similar nature, there appears to be some question how far plant viruses may 
be regarded as “inheritable” by offspring of infective insect vectors. The 
subject is of sufficient general interest and importance in its bearing on 
various problems of plant-virus transmission to merit further attention, 
and any information tending to clarify the present situation should be of 
some value. 

In the course of recent investigations, it has been shown (7) that the 
cucumber-mosaic virus is transmissible to spinach, producing symptoms on 
this host that closely resemble those of spinach-blight, according to the de- 
scription of the latter disease by McClintoek and Smith (13) . On the basis 
of this similarity in symptoms, as well as in aphid vectors, the suggestion 
was made that the two diseases might be identical, and that, if this were 
so, further light might be thrown on the insect relationships of the spinach- 
blight virus. It was, therefore, decided to undertake a more critical inves- 
tigation of cucumber mosaic on spinach and of its j)ossible connection with 
spinach-blight, in the hope of contributing further information on the “in- 
heritability” of this disease by the aphid vectors. Unfortunately, however, 
attempts to secure material of spinach-blight from the district where it was 
originally described have met with little success, so that it has been neces- 
sary to resort to more indirect methods in comparing the two diseases. 

Since Boning (2) has recently concluded that a mosaic of spinach 
occurring in Germany, which he appears to regard as identical with the 
American, spinach-blight, is probably due to the virus of beet mosaic, the 
present investigation has been extended to include a comparative study of 
this virus also in relation to spinach. Some additional work has been car- 
ried out with a third virus transmissible to this host plant, namely, that of 

1 Cooperative investigations of the Wisconsin Agrienltnral Experiment Station and 
the Division of Tobacco and Plant Nutrition, Bar ean of Plant Industry, IJ. S. Depart- 
ment of Agriculture. 
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tobacco ring-spot (5, pp. 16-17). These 3 viruses have been studied pri- 
marily from the standpoint of a possible connection with spinach-blight, 
though certain other considerations have arisen during the investigation 
that have widened the scope of the work. These include problems of com- 
parative means of transmission, of the development of local as contrasted 
with systemic infection, and of certain relationships between virus and 
aphid vector. 

PREVIOUS investigations 

That spinach-blight, as it occurred in Virginia, was an infectious dis- 
ease of the mosaic type was conclusively demonstrated by McClintock and 
Smith (13) in 1918. These investigators showed the disease to be readily 
transmissible from plant to plant by needle inoculation with diseased plant 
extract, as well as by several species of aphids, of which Myztis lyersicae and 
Biacrosiphum solanifolii appeared to be the most important. They divided 
the course of the disease into 8 arbitrary stages, the characteristic symptoms 
of which may be summarized as follows : 1. A very slight yellowing of the 
younger leaves of infected plants and occasionally of one or more older 
leaves. 2. More pronounced yellowing of the younger leaves. 3. Malfor- 
mation of the younger leaves, w%ieh become much wrinkled, narrowed, and 
mottled; yellowing of the older leaves and some stunting of the plant. 
4. Distinct stunting of the plant, with cessation of growth ; yellowing of the 
entire foliage ; mottling of the older leaves and extreme malformation of 
the younger ones, which are very finely savoyed and feathery in appear- 
ance. 5. Browning and death of parts of the older leaves, usually pro- 
gressing from the outer tips inwards. 6. Total disintegration of the older 
leaves and some browning of the central ones. 7. Browning of the younger 
leaves. 8. Death of the plant, which has become reduced to a ver^^ small 
central whorl of leaves. 

The same authors presented evidence believed to indicate a direct trans- 
mission of the virus from one generation of infective aphids to another. 
This evidence was based in large part upon the rearing of colonies from 
infective parent aphids on certain host plants other than spinach, such as 
lettuce, pepper, eggplant, and potato, and the transfer of individuals from 
succeeding generations produced on these hosts back to healthy spinach. 
In nearly all cases, one or more of the spinach plants so treated became 
diseased, while needle inoculations from the foliage of the previous host of 
the aphids gave no infection. Similarly, transfers to healthy spinach of 
aphids naturally present in the field on such plants as celery, sweet potato, 
and wild mustard I’esulted in some infection with spinach-blight. In 
another experiment, young of virus-bearing aphids, Blacrosiphimi solanifolii^ 
were transferred at birth to 25 healthy spinach plants, one of which became 
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diseased. Since the aphids causing these infections had at no time come in 
contact with diseased spinach, these results were interpreted as indicating a 
hereditary’^ association of the virus with the insects. 

The failure to secure infection of spinach by artificial inoculation from 
the leaves of the lettuce and other plants on which the infective aphid colo- 
nies were reared led the authors to conclude that it was improbable that 
such plants served as alternate hosts of the virus. No further conclusions 
were reached, however, as to the host range of the disease. 

Later, L. B. Smith (18) succeeded in developing a variety of spinach 
that, although not strictly immune from the disease, showed a high degree 
of resistance to it in the field. This variety was named Virginia Savoy.” 

A mosaic of spinach prevalent in Germany has been described in recent 
years by various 'writers under the name ^^Blosailckranhkeit’’ or ^^Gelhfieck- 
igkeiV^ (3, 2, 21, 22). The characteristic symptoms of this disease are a 
yellowing and necrosis of the foliage, accompanied by severe stunting or 
death of the plant. According to Volk (21), plants infected when young 
rapidly become yellow all over and die, while older plants show first a curl- 
ing and yellowing of the younger leaves, the discoloration then spreading 
over the foliage and the plant becoming much stunted. Later, the outer 
leaves turn brown and die, leaving” a few dwarfed yellow-green leaves in 
the center. Eventually, the whole plant succumbs. 

The opinion appears to be general among the German investigators that 
this disease is identical with the American spinach-blight. Thus, Schaffnit 
(3, p. 173), referring to the investigations of McClintock and Smith, states: 

. die von den Aid or en [McClintock and Smith] beschriehene Krank- 
heit ^weifellos mit der iei uns vorkommenden identisch istJ^ Volk (21, 
p. 1) and "Wichmann (22, p. 160) later make similar statements. This con- 
clusion appears to be based upon a general agreement in symptoms between 
the 2 diseases and in transmissibility by aphids and by artificial inocula- 
tion. According to Boning (2, p. 492), however, the leaf sjunptoms at first 
consist of a number of small, usually round, yellow spots about the size of 
a pin’s head (^/so erscAemt die Spreife wie iihersdt mit vielen, meist run- 
den Fleckchen von etwa Siecknadelkopfgrdsse^^), and this symptom is 
clearly illustrated in figure 3 of his paper. This point will be referred to 
again later; for the present it should be noted that McClintock and Smith 
do not mention any discrete spotting as an early symptom of spinach- 
blight. Boning adds that the spots are sometimes so numerous as to 
coalesce, forming larger yellow areas. Of the leaf malformations described 
by McClintock and Smith he observed a puckering of the leaf surface and 
a narrowing of the lamina, particularly in the female plants in the flower- 
ing stage. 

The German disease was shown to be transmissible to healthy spinach 
plants by aphids (Ap/m fabae Scop, and Macrosiphum sp.), and less read- 
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ily by artificial inoculatiorL (2). Boning was also able to transmit tbis 
mosaic to beet, and beet mosaic to spinaeb, by means of aphids, the symp- 
toms developing on the respective hosts being the same for either disease. 
He, therefore, concluded that the two diseases were probabl 3 ^ identical. In 
this connection the reader is reminded that a mosaic of both garden and 
sugar beet has been reported at different times by various investigators in 
Europe and in America (14, 4, 12, 19, 16, 1, 11). 

materials and methods 

Upon first suspecting a relationship between cucumber mosaic and 
spinach-blight, attempts were made to secure material of the latter disease 
from Virginia and from other sections of the United States for purposes 
of comparison with cucumber mosaic. In spite of repeated efforts, how- 
ever, no such material was obtained, until the investigation was nearly com- 
pleted. It, therefore, became necessary to establish certain arbitrary cri- 
teria by which the degree of resemblance of each virus under consideration 
to that of spinach-blight might be evaluated. The salient characteristics of 
the spinach-blight virus, according to the descriptions of McClintock and 
Smith (13), appeared to be the following: (1) Eeady transmission from 
plant to plant both by aphids (particularly Myziis persicae and Macro- 
sipMim solanifolii) and by artificial inoculation (needle-prick method) and 
(2) a characteristic sequence of symptoms on affected plants. This symp- 
tom sequence has been summarized earlier. The investigation has, there- 
fore, consisted mainly in transmission and symptomatology studies of the 
respective viruses on spinach. A third criterion was based upon the resis- 
tance of Virginia Savoy spinach to spinach-blight, this variety being tested 
for indications of resistance to the different viruses under consideration. 

Sugar-beet plants affected with mosaic were kindly furnished by P. N. 
Annand, Twin Falls, Idaho, and by C. W. Bennett, Riverside, California. 
This disease appeared to be identical with the sugar-beet mosaic described 
by Robbins (16). The cucumber-mosaic virus studied (cucumher virus 1 
(10)) was the same as that employed in previous transmission studies (6, 
7, 8), having been obtained originally from a mosaic cucumber plant; and 
the tobacco ring-spot virus was derived from material received from S. A. 
Wingard, Virginia Agricultural Experiment Station, Blacksburg, Virginia. 
Seed of Virginia Savoy spinach was obtained through the courtasy of P. 
P. McWhorter, Virginia Truck Experiment Station, Norfolk, Virginia. 

The investigation was carried out entirely in the greenhouse. Two 
methods of virus transmission were employed: (1) Aphid transmission by 
meeim oi Mymis persicae Sind Macrosiphttm solanifolii and (2) artificial 
inoculation of plant extract. The methods involved in the colonizing and 
handling of the aphids were similar to those employed in previous trans- 
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mission studies and have been described in detail elsewhere (6, 8). Virns- 
free colonies of My ms pershae were maintained on cabbage and those of 
Macrosipliiim solanifolii on potato. In aphid-transmission trials, it was 
customary to transfer to the control plants a number of nonvirnlif erous 
aphids direct from the stock colonies or from other healthy plants. 

Two methods of artificial inoculation were employed. In the ‘tcotton- 
needle’’ method, a small quantity of absorbent cotton was wrapped around 
the tip of an ordinaiy dissecting needle, and this was dipped into the infec- 
tious plant extract and used to scratch and prick the leaf lamina and mid- 
rib. The second method was essentially the rubbing method of Holmes 
(9), the leaf surface being wiped with a piece of cheesecloth moistened with 
virus extract. Samuel (17) has recently pointed out that this is a very 
effective means of securing infection with several viruses. "With smooth- 
leaved plants, such as sugar beet and spinach, however, a heavy rubbing 
that bruised without actually tearing the leaf, amounting almost to a ^‘leaf 
mutilation’’ inoculation, proved more effective than a light wiping and was 
practiced throughout for smooth-leaved plants. For convenience, both 
variations of this method will be referred to as the ‘^rubbing” method, fol- 
lowing Holmes’s terminology. Plants serving as controls in artificial in- 
oculation series usually received no treatment. 

The following host plants were used during the investigation : Tobacco, 
Nic&Uma talacimi L., Havana Seed type; spinach, varieties Bloomsdale 
and Virginia Savoy; sugar beet, Beta vulgaris L., unknown variety; and 
cucumber, Cummis sativiis L., variety Select White Spine. Vigorous seed- 
lings were used in all trials. The spinach and sugar beet were grown in 
a cool greenhouse (65-70° P.), the tobacco and cucumber in a warmer house 
(80-85° P.), Most of the work involving spinach was conducted in the 
early spring and fall months, when light and temperature conditions 
favored good growth. This plant made very poor growth during the win- 
ter and tended to rapid flower-stalk formation during the longer and 
warmer days of late spring and summer. 

Each transmission trial was repeated several times, a total of 20 plants 
usually being tested for each type of virus transfer. It W'as believed that 
the results obtained in this way, from several repetitions of each experi- 
ment, were more significant than when fewer trials were made, each involv- 
ing larger numbers of plants. 

EXPERIMENTAL KESULTS 

The suggestion advanced by Boning (2) of a probable relationship be- 
tween spinach mosaic and beet mosaic immediately raised the question of 
the specificity of the virus or viruses responsible for the latter disease. So 
far as could be judged from the description of symptoms of both beet mo- 
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saic and sugar-beet mosaic published by different European and American 
investigators (14, 16, 1, 11), it appeared likely that the same virus was in- 
volved in most, if not all, eases. Almost no information was available, how- 
ever, on the host range of the disease or on any other diagnostic characters 
of the virus beyond the fact that it was transmitted by aphids (16, 1). 
Since cucumber mosaic was found to be transmissible to sugar beet, 
it seemed conceivable that the cucumber-mosaic virus might be identical 
with that causing sugar-beet mosaic. While this subsequently proved not 
to be the case, a comparison of the two viruses on sugar beet appeared to be 
a necessary preliminary to the main investigation. 

Comparison of Viruses on Sugar Beet and Tobacco. The cucumber- 
mosaic virus was found to be readily transmissible from tobacco to sugar 

TABLE 1 .^ — Transmission of the cucumber mosaic virus to sugar beet and spinach^ 


Mode of transmission 


Mosaic 

host 

(source of 

Host 

Mysus 

persicae 

Maerosiphum 

solanifolii 

Needle 

inoculation 

Rubbing 

inoculation 

virus) 


In- 

fested 

Con- 

trol 

In- 

fested 

Con- 

trol 

Inocu- 

lated 

Con- 

trol 

Inocu- 

lated 

Con- 

trol 

Tobacco 

Sugar beet 

Spinach var, 
Bloomsdale 

Spinach var. 
Virginia Savoy 

30 

30 

30 

28 

40 

17 

30 

0 

30 

0 

40 

0 

20 

20 

20 

20 

40 

19 

20 

o' 

20 

0 

40 

0 

20 

T 

20 

19 

20 

0 

20 

0 

20 

~ 

20 

0 

20 

0(19) 

20 

20 

20 

0 

20 

T 

20 

0 

20 

0 

Sugar 

beet 


20 

20 

20 

20 

20 

20 

20 

20 

Tobacco 

19 

0 

17 

0 

T 

0 

20 

0 


Spinach var. 

20 

20 ' 

25 * 

25 

30 

30 

20 

20 

Spinach 

Bloomsdale 

20 

"o 

25 

0 

W 

0 

20“ 

0 

var. 










Bloomsdale 


20 

20 

20 

20 

20 

20 

20 

20 

Tobacco 

20 

0 

17 

0 

T 

0 

w 

0 

Spinach 

Spinach var. 

20 

20 

20 

20 

20 

20 

20 

20 

Virginia Savoy 

15 

0 

10 

"o 

”o" 

0 

0 

0 

■ var. 









Virginia 


20 

20 

20 

20 

20 

20 

20 

20 

Savoy 

j Tobacco 

14 

0 

8 

0 

7 

~T 

20 

0 


a ‘ ^ Infested ^ ^ denotes plants to wMcli apMds were transferred from a mosaic host; inocu- 
lated^^ denotes plants artificially inoculated with virus extract; and control^’ denotes plants 
serving as controls to those either infested or inoculated. In all fractions, the numerator rep- 
resents the total number of plants infested with aphids, artificially inoculated or treated as con- 
trols as the case may be; the denominator, the number of plants becoming infected. Eigures 
in parentheses denote plants developing local infection only. 
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Fig. 1. Leaf symptoms produced by viruses on. gugar beet. A. Local lesions of 
euenmber mosaic transmitted by Mysus yersicae. B and 0. Cucumber mosaic. Gliloro- 
sis due to systemic infection. L. Leaf of normal plant. E. Sugar-beet mosaic, early 
symptoms of systemic infection. F. Sugar-beet mosaic, later symptoms, 

beet, and vice versa, by means of the aphids Myz%t.s persicae and Macro- 
siphum solanifolii (Table 1), species that have been shown elsewhere to be 
efficient vectors of this virus to other hosts (6, 8). When, following the 
usual procedure in aphid-transmission trials, viruliferous aphids were al- 
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lowed to feed freely on the foliage of young sugar-beet plants systemic in- 
fection of the plants Avas readily obtained. The first sign of infection, 
however, was the appearance of conspicuous, chlorotic spots on the infested 
leaves, 5 or more days after the transfer of viruliferous aphids to the plant 
(Fig. 1, A). These spots were evidently of the nature of V local lesions!^ 
and appeared to develop at points of introduction of the virus into the tis- 
sues by the aphids. They were never observed on leaves on which the 
aphids were knowni not to have fed nor on leaves on which only nonviru- 
liferous aphids had fed. When first observed, the lesions were pale yellow 
green, usually circular, though sometimes irregular in form, 2 mm. or more 
in diameter, and generally wdth a very diffuse margin. They grew rapidly 
larger, becoming brighter yellow and frequently coalescing to form irregu- 
lar, rather indefinite, chlorotic areas. Sometimes a minute necrotic dot 
was visible at the center of the spot. 

Symptoms of systemic infection became apparent one or more days 
after the appearance of the local lesions. These consisted essentially in a 
chlorosis of the whole or part of the newly developing leaves, successive 
leaves generally showing progressively smaller chlorotic areas, situated at 
the apical end of the leaf (Fig. 1, B, C). Chlorosis of this; type is charac- 
teristic also of the earlier stages of infection of tobacco with the same virus. 
Occasionally, dark green, savoyed areas were present on such leaves. 
Leaves developing later showed a coarse mottling of relatively large light 
and dark areas, accompanied by considerable stunting of the plant. 
Plants thus infected continued to put forth mottled leaves throughout the 
season ^s growth. The virus was readily recovered from such plants onto 
tobacco both by means of aphids and by the rubbing method of artificial 
inoculation, and less readily by needle inoculation of extracted juice 
(Table 1). 

Systemic infection of sugar beet with the cucumber-mosaic virus was 
not secured, however, by either method of artificial inoculation (Table 1). 
Local symptoms, more or less similar to the local lesions resulting from in- 
fection by aphids, w’-ere usually observed on leaves that had been inoculated 
by the rubbing method,^ and the virus was later recovered from these leaves 
by means of inoculation of extracted juice to tobacco. Since the cucumber- 
mosaic virus is known to lose its infectivity within a few days outside the 
living host, it is evident from these results that the virus had been able to 
establish itself in the inoculated leaves. No virus was recovered at any 
time, however, from uninomlated leaves of the same plants, even after 3 
or more weeks had elapsed; in other words, there was no systemic infection 
of plants following artificial inoeulation. 

2 Samuel (17, p. 502) lias also reported local iiifection of sugar beet witli tlie 
cueumbeT-mosaic virus, following a similar method of inoculation. 
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A similar condition obtained when Yirnliferons apMds, instead of being 
allowed to wander freely over tlie plant, were confined to a single 
leaf witliin a glass tube closed at botli ends. Local lesions, resembling those 
previously described, developed under these conditions on the infested leaf, 
enlarging and coalescing until the wdiole leaf became yellow and eventually 
died. The virus was readily recovered from such leaves by the rubbing 
method of inoculation. However, no systemic infection of the plants fol- 
lowed, all uninfested leaves remaining normal in appearance and free from 
virus, as tested by subsequent inoculations to tobacco. 

Explanation of this peculiar situation is at best only tentative. For 
some reason, under the conditions of the experiment, the cucumber-mosaic 
virus appears unable to pass from a single infected leaf of this host to other 
paints of the plant. The systemic infection obtained when the aphids were 
not restricted to any particular organ may possibly have resulted from a 
direct introduction of virus at or near the growing point of the shoot, the 
virus perhaps multiplying at this point and forming a source of infection 
for all subsequent growdh. In this connection it was observed that the bud 
was a favorite feeding point of the aphids. 

Comparison of the symptoms of cucumber mosaic on sugar beet with 
those of sugar-beet mosaic soon showed that the two diseases were not the 
same, although both proved transmissible by the same species of aphids. 
Sugar-beet mosaic has been reported by Eobbins (16) to be transmissible 
by Myzus persicae, and in the present investigation ready transmission of 
the virus was obtained on sugar beet by means of this aphid, and also with 
MacrosipMcm solanifoUi With either species, 100 per cent infection was 
secured in all trials, all control plants remained healthy (Table 2). The 
virus was found transmissible also by artificial inoculation, particularly 
when a severe rubbing method was used. Thus, of 20 plants tested by 
either method, 18 were infected by imbbing and 10 infected by needle in- 
oculation, systemic infection developing in all eases, while all control plants 
remained healthy (Table 2). In this respect the virus differed from that 
of cucumber mosaic, with which systemic infection of sugar beet was not 
secured through artificial inoculation. 

It may be noted that several previous investigators (16, 1, 11) have re- 
ported failure to obtain transmission of beet mosaic or of sugar-beet mosaic 
by methods of artificial inoculation. Assuming the same virus to be in- 
volved in all cases, this apparent inconsistency in results may no doubt be 
ascribed to differences in the type of technique employed. Verplancke 
(20), on the other hand, claims to have transmitted beet mosaic by rubbing 
the leaves of healthy plants with mosaic-plant extract. 

Systemic infection with siTgar-beet mosaic resulted also when viriilifer- 
ous aphids were confined to single leaves of healthy sugar-beet plants. This 
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TABLE 2 . — Transmission of the sugar-heet mosaic virus to sugar heet and spinach^ 


Mode of transmission 


Mosaic 

host 

(source of 
virus) 

Host 

Mysus 

persicae 

Macrosiphum 

solanifoUi 

Heedle 

inoculation 

Bubbing 

inoculation 

In- 

fested 

Con- 

trol 

In- 

fested 

Con- 

trol 

Inocu- 

lated 

Con- 

trol 

Inocu- 

lated 

Con- 

trol 


Sugar beet 

20 

20 

20 

20 

20 

20 

20 

20 



20 

0 

20 

0 

10 

0 

18 

0 


Spinach var. 

20 

20 

20 

20 

20 

20 

20 

20 

Sugar 

Bloomsdale 

20 

0 

20 

0 

Is 


20 

0 

beet 

Spinach var. 

20 

20 

20 

20 

20 

20 

20 

20 


Virginia Savoy 

20 

0 

19 

0 

13 

0 

18 

0 



20 

20 

10 

10 

20 

20 

20 

20 


Tobacco 

0(20) 

0 

0(10) 

0 

0 

0 

0 

0 


Spinach var. 

20 

20 

20 

20 

20 

20 

20 

20 

Spinaeb 

Bloomsdale 

20 

0 

17 

0 

12 

1 0 

16 

0 

var. 









i 

Bloomsdale 


20 

20 

20 

20 

20 

; 20 

20 

20 


Sugar beet 

20 

0 

20 

0 

7 

0 

17 

0 


Spinach var. 

20 

20 

20 

20 

20 

20 

20 

20 

Spinach 

Virginia Savoy 

20 

0 

19 

0 

12 

■ 0 

17 

0 

var. 









1 

Virginia 


20 

20 

20 

20 

20 

20 

20 

20 

Savoy 

Sugar beet 

20 

0 

! 

19' 

0 

9 

0 

20' 

0 


a See footnote to table 1. 


contrasts again with the behavior of the cucumber-mosaic virus, which 
caused only local infection under similar conditions, and would seem to 
indicate some distinct difference in the host-tissue relationships of the re- 
spective viruses. 

Since the symptoms of sugar-beet mosaic have been described in detail 
by Eobbins (16), only the more important distinguishing features will be 
considered at the present time. On young sugar-beet plants, the first 
symptoms observed were usually those of systemic infection; though under 
certain conditions, in aphid transmission trials, these were preceded by the 
appearance of faint chlorotic spots on the infested leaves, presumably aris- 
ing at points where the aphids had fed. These lesions were about 1 mm. 
in diameter and remained much smaller and less conspicuous than those 
associated with local infection of the same host with cucumber mosaic. 

Systemic infection became apparent in the form of minute yellow or 
light green flecks on the young leaves 5 or more days after inf ection (Fig. 
1, E). These flecks were less than 1mm, in diameter and were situated for 
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tlie most part over the veins. Sometimes they were so numerous as to give 
temporarily the effect of a marked clearing of the veins. They increased 
somewhat in size, the mosaic pattern soon becoming resolved into a sharply 
defined, fine, speckly mottling, quite different from the chlorosis or coarse, 
indefinite niottling characteristic of cucumber mosaic on this host. Leaves 
of later development usually showed a similar type of mottling (Pig. 1, P), 
though sometimes larger light and dark areas were formed. These differ- 
ences in the symptoms produced by the 2 viruses should be clear from a 
comparison of the illustrations to which reference has been made. 

A further comparison of the 2 viruses was made on tobacco, a host al- 
ready known to be susceptible to cucumber mosaic. No infection of to- 
bacco with the sugar-beet-mosaic virus was obtained, however, by either 
method of artificial inoculation. On the other hand, when attempts were 
made to transfer this virus by means of aphids, certain symptoms devel- 
oped on the infested leaves of the tobacco plants, apparently at points 
where the aphids had fed, although systemic infection did not follow. 
These local symptoms consisted of small, round, light brownish yellow spots 
on the leaf lamina, 1 to 2 mm. in diameter, with very diffuse margins and 
often with a minute necrotic point in the center (Pig. 2, A). That these 
represented centers of multiplication of the sugar-beet-mosaic virus within 
the leaf was indicated by the fact that the virus could readily be recovered 
from such leaves by rubbing inoculation of extracted juice to healthy sugar 
beet. Moreover, tobacco plants infested with nonviruliferous aphids from 
healthy sugar beet showed no spotting. The lesions were first visible 3 or 
more days after infestation of the plants with infective aphids and enlarged 
quite rapidly to about 1 cm. in diameter, later becoming gradually less dis- 
tinct. Sometimes they coalesced to form a diffuse yellowish pattern on the 
leaf. The spots showed a marked tendency to necrotic ring formation, 
often developing 2 or more fine, concentric rings (Pig. 3) . Similar, though 
less numerous, lesions were produced on tobacco by virulif erous individuals 
of Maorosipkum solanifoUi, On the other hand, all uninfested leaves of 
the same tobacco plants remained normal in appearance and free from all 
symptoms of disease, nor could any virus be recovered from them, even 
several weeks after the appearance of the lesions on infested leaves. It 
was, therefore, concluded that systemic infection had not taken place. The 
symptoms produced by this virus on tobacco are entirely distinct from those 
of cucumber mosaic, with which systemic infection is readily secured both 
by aphids and by artificial inoculation, resulting in a very different type 
of chlorosis and mottling of the leaves. 

Prom this preliminary comparison of cucumber mosaic and sugar-beet 
mosaic it is concluded that the 2 diseases differ considerably from one an- 



Fig. 2. Leaf symptoms produced by viruses on tobacco and spinach (variety 
Bloomsdale). A. Local lesions of sugar-beet mosaic on tobaecO; following transmission 
by Mysus persicae, B. Leaf of normal tobacco plant. C— F. Cucumber mosaic on 
spinach, showing mottling and malformation of young leaves. G, Corresponding leaf of 
normal spinach plant. H. Early symptoms of sugar-beet mosaic on spinach. J. To- 
bacco ring-spot on spinach. K. Corresponding leaf of normal spinach plant. 
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Fig. 3. Local lesions of sugar-beet mosaic on tobacco resulting from infection b.y 
Myms persicae, showing development of necrotic rings. 

other in tlieir behavior and symptoms, both on sugar beet and on tobacco, 
and it seems clear that 2 quite distinct viruses are concerned. 

In this connection it may be well to summarize briefly the characteristic 
symptoms on these 2 host plants of the third virus under consideration, 
namely, that of tobacco ring-spot. On tobacco, the ring-spot virus typi- 
cally produces an intricate necrotic ring and line pattern, consisting of 
concentric rings and parallel zigzag lines, sometimes accompanied by mot- 
tling of the leaf and associated with systemic infection of the plant (23). 
On sugar beet, Wingard (23) reports the development of faint zigzag lines 
on the leaves, of lighter color than the normal tissue, but not neerotic. 
Similar symptoms, representing systemic infection, have been observed on 
this host by the writer, though in some eases the lines became necrotic. 
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Comparison of Viriises on Spinach. Following the preliminary com- 
parison of viruses on sugar beet and tobacco, it was now possible to proceed 
to a study of their symptoms and behavior on spinach, with the object of 
comparing each virus with that causing spinach-blight. As previously in- 
dicated, the chief known charaeteristies of the spinach-blight virus ap- 
peared to be its ready transmission both by aphids and by artificial inocu- 
lation, its symptom sequence on spinach, and the resistance to infection 
manifested by the Virginia Savoy variety. 

The results of transmission trials with the cucumber-mosaic virus on 
spinach are summarized in table 1. Throughout this investigation the 
variety Bloomsdale has been used as representing a variety of spinach sus- 
ceptible to spinach-blight. When this variety was tested, the 
mosaic virus was found to be very readily transmissible from 
spinach and from spi nach to's-^^WTy^means Vf either Mnms lienkmjm 
Mahrdsi^um solanif oln jmdi also by both needle and rubbing methods ^of 
indcuTaTionr'^W each method of transmission, 100 per cent infection was 
almost always obtained. The virus Avas also readily recovered from 
Bloomsdale spinach onto tobacco by means of aphids and inoculation by 
rubbing and less readily by needle inoculation. In all trials, the control 
plants remained free from infection. 

The sequence of symptoms of cucumber mosaic on Bloomsdale spinach, 
occurring on young plants under the greenhouse conditions prevalent dur- 
ing the investigation, Avas found to correspond remarkably closely to that 
described for spinach-blight by McClintock and Smith (13). The symp- 
toms developed gradually, the incubation period varying greatly according 
to the time of year and the prevailing environmental conditions. The 
minimum time observed betAv^en inoculation and the first appeapa iee o f 
recognizable symptoms Avas ffd^v^ or infection ^^^3/ 

for gCrtificial inoculation. ^ TM^'TrrnF^pon the minimum period oT7 

days mentioned by McClintock and Smith for spinach-blight. As with 
their disease, hoAvever, incubation periods of 2 weeks or more Avere quite 
common under certain conditions of light and temperature. 

The first recognizable^sj^^ggi^produced by the cucumber-mosaic virus 
was a very faint, general chlorosis, sometimes involvingAEF*enOT 
sometimes, especially with older plants, apparent only on the younger 
leaves. As growth continued, this chlorosis became more intense and 
spread to the outer leaves also, if these were not originally affected, until 
at a later stage of the disease the entire plant became bright yelloAA". At 
the same time the newly developing leaves began to shoAA' evidence of mal- 
formation in varying degrees. In milder cases, this malformation consisted 
in a reduction in width of the lamina, frequently aecompanied by consid- 
erable Avrinkling and an inward rolling of the leaf margin (Fig. 2, E, P). 


cucuinber- 

tobaecoTb* 
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111 more severe eases, some leaves became redueed to a nne ribbon (rig*. 2, 
D) ; others were much puckered, twdsted, or distorted,* wdiile some devel- 
oped a mottling with marked savoying of the darker areas (Pig. 2, C). 
Similar types of malformation have been described by McClintock and 
Smith (13) in association with spinach-blight. As the yellowing and mal- 
formation progressed, the plant became much stunted and growth was in- 
creasingly retarded. A plant at this stage, showing discoloration of the 
entire foliage and slight malformation of the inner leaves, with marked in- 
ward rolling of the margins, is illustrated in figure 4, A. Later, a progres- 


Fig. 4. Symptoms produced by viruses on spinach (variety Bloomsdale). A. 
Gucumber mosaic, moderately advanced stage of disease. B. Cucumber mosaic, later 
stage, showing necrosis of outer leaves. C. Tobacco ring-spot, severe infection. D. 
Normal plant of approximately the same age as plants A and 0. 






1933] 


Hoggan: Viruses affecting Spinach 


461 


sive necrosis of tlie leaves developed, involving first the ontermost whorl 
and slowly working inwards. As the affected leaves turned brown and 
shriveled and growth declined, the plant became gradually reduced in size 
(Fig. 4, B), until only a small central cluster of yellow, malformed leaves 
remained. Finally the whole plant died. These symptoms, both in charac- 
ter and sequence, are essentially the same as those described by McClintock 
and Smith for spinach-blight (13). 

In tests of the susceptibility of the Virginia Savoy variety to cucumber 
mosaic, variable results were obtained, depending apparently upon the sea- 
son and the resulting environmental conditions. At times it was found 
possible to secure a high percentage of infection of this variety by means 
of aphids, while at other times, following an identical procedure, no infec- 
tion of the plants took place. Thus, of a total of 80 Virginia Savoy plants 
tested at various times with aphids from cucumber-mosaic tobacco, 17 out 
of 40 became infected by means of Myziis persicae and 19 out of 40 by 
Macrosiphum solanifoUi (Tshle 1). On the other hand, parallel trials per- 
formed simultaneously with Bloomsdale spinach invariably yielded ex- 
tremely high percentages of infection with aphids under all conditions. 
Similarly, transmission of the virus by aphids could be secured at times 
from Virginia Savoy to Virginia Savoy, though less consistently than with 
Bloomsdale. Moreover, in all earlier trials, artificial inoculation of Vir- 
ginia Savoy, by either needle or rubbing method, failed to yield infection 
of any plants, whether diseased tobacco or Virginia Savoy was used as the 
source of inoculum ; although in parallel trials, conducted at the same time, 
Bloomsdale was readily infected by these means. Thus, of a total of 40 
Virginia Savoy plants tested for either method of artificial inoculation all 
remained healthy (Table 1). At the close of the investigation, however, 
in a repetition of these trials, some infection of very young Virginia Savoy 
plants was obtained through the rubbing method of inoculation, tobacco 
being used as the source of inoculum. These results are not included in 
table 1. In further trials the virus was readily recovered from diseased 
Virginia Savoy by means of aphids and rubbing inoculation and less read- 
ily by the needle method, all control plants remaining free from infection 
throughout. From these results it is, therefore, conchidAdJ:h at. although 
Virginia Savoy may be susceptible to cucumber mosaic under certain green- 
house conditions, this variety shows much greater resistance to the disease 
than does the variety Bloomsdale. 

The onset of symptoms hf cucumber mosaic was much the same on Vir- 
ginia Savoy as on Bloomsdale, though in the former variety the yellowing 
and necrosis usually progressed much more quickly, necrosis of the bud 
soon setting in, resulting in rapid death of the plant (Fig. 5, G). Conse- 
quently, as a rule, very little growth was made after the firs|; appearance 
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of symptoms, and tlie stage of malformation of newly developing leaves 
did not ah¥ays occur. Older plants, however, which usually died less rap- 
idly, developed very conspicuous malformation of the young leaves, these 
being reduced to small, yellow, almost ribbon-like structures. 


Pig. 5. Symptoms produced by viruses on spinach (variety Virginia Savoy). A. 
Sugar-beet mosaic, early stage of disease. B. Normal plant, control to A. C. Cucum- 
ber mosaic transmitted by Mysus persicae, showing rapid death of plant. D, Sugar- 
beet mosaic, late stage of disease. E. Normal plant, control to C and D. 

The actual factors governing resistance or susceptibility of Virginia 
Savoy to infection with cucumber mosaic have not been determined, al- 
though there was some indication that both air temperature and light in- 
tensity might influence the amount of infection secured and possibly also 
the size of the plants at the time of inoculation. It should be pointed out 
that A^irginia Savoy is not reported as immune from spinach-blight, though 
it exhibits a relatively high degree of resistance to the disease in the field 
as compared with other commereial varieties (18), In this respect, there- 
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fore, there appears to be considerable resemblance between the virus caus- 
ing spinaeli-bligiit and that of cucumber mosaic. It has already been 
shown that the 2 diseases are strikingly similar in symptom sequence and 
also in ease of transmission on suspectible varieties, both by artificial inocu- 
lation and by aphids. "While similarity in symptoms alone is not to be 
regarded as conclusive evidence of the identity of 2 viruses, this factor, 
when coupled with close agreement in other respects as well, should afford 
a more reliable indication of relationship. On the basis of these considera- 
tions, therefore, there appears to be A^ery stro ng evidence in favor of the 
conclusion that the 2 disease s are verydoselyT^^dT^n^’^^^^r^^Ki 
the^fflT^Tun37^sugur-beeFmGsaIe“oF*spm^E^^ 

blight in some respects, shows also some distinct differences, both in its 
symptom complex and in the lack of any indications of resistance to the 
disease in the Virginia Savoy variety. 

The results of transmission trials with sugar-beet mosaic on spinach are 
included in table 2. As with cucumber mosaic, the virus was found to be 
readily transmissible to Bloomsdale spinach and from spinach to spinach 
by means of both species of aphids and inoculation by rubbing. It ap- 
peared, however, to be somewhat less readily transmissible from plant to 
plant by needle inoculation than was the cucumber-mosaic virus, 60 to 75 
per cent infection with sugar-beet mosaic being obtained by this method of 
inoculation as compared wdtli 94 to 95 per cent infection wfith cucumber 
mosaic. Moreover, the sugar-beet-mosaic virus proved to be as readily 
transmissible to Virginia Savoy, from both infected sugar beet and Vir- 
ginia Savoy, as it was to Bloomsdale, by means of aphids and by artificial 
inoculation, although in parallel trials with the cucumber-mosaic virus lit- 
tle or no infection of Virginia Savoy might be secured. Thus, there was 
no indication of any resistance in Virginia Savoy to sugar-beet mosaic, a 
point that suggests a distinct difference betw^een this disease and spinach- 
blight. In further trials, the virus was readily recovered onto sugar beet 
from both varieties of spinach by means of aphids and by rubbing inocula- 
tion and less readily by needle inoculation. In all trials with this virus, 
all control plants remained free from infection. 

The symptoms of sugar-beet mosaic on spinach appeared to be identical 
on both Bloomsdale and Virginia Savoy, and the following description of 
the disease is applicable to either variety. As with cucumber mosaic, the 
incubation period varied greatly according to the time of year and the pre- 
vailing environmental conditions. The minimum period observed was 6 
days for infection by aphids and 7 days for artificial inoculation, although 
periods of 2 to 3 weeks or more were quite common under less favorable 
conditions. 

The onset of symptoms of sugar-beet mosaic on spinach was quite sud- 
den. The first sign of infection was usually a marked downward arching 
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of tlie young leaves, accompanied or soon followed by the appearance of 
numerous bright golden yellow decks on the young leaves (Figs. 2, H, and 
5, A). These flecks were round or irregular in form, less than 1 mm. in 
diameter, often with a minute darker point in the center. Frequently they 
became so numerous as to coalesce, forming large yellow areas. There was 
no faint uniform chlorosis of the foliage at this stage, as there was with 
cucumber mosaic, but always a distinct spotting, of a type not mentioned 
by MeClintock and Smith as an early symptom of spinach-blight, although 
very similar to the mottling' described and illustrated by Boning (2) as an 
early symptom of the spinach mosaic occurring in Germany. Indeed, the 
symptoms illustrated in flgure 3 of Boning^s paper (2) appear almost iden- 
tical with those of sugar-beet mosaic on spinach, as shown in figure 2, H, 
of the present paper. Leaves of later development showed similar symp- 
toms and were consiclerably dwarfed and puckered, although undergoing 
no mai^ked malformation such as has been described for spinach-blight 
(13). In this connection it may be noted that Boning (2), while discuss- 
ing the symptoms of the German spinach mosaic, describes, as types of mal- 
formation observed, only a puckering of the leaf and a narrowing of the 
lamina, particularly in older plants at the flowering stage. 

As the disease progressed, the yellow coloration gradually spread over 
the foliage, the plant became much stunted, and growth soon ceased. Ne- 
crosis of the outer leaves then developed, as with cucumber mosaic, the 
leaves usually dying back from the tip. This necrosis spread slowly in- 
ward until the plant became reduced to a central whorl of small, mottled, 
and puckered leaves (Fig. 5, D) and finally died. Plants of the Blooms- 
dale variety, especially when very young, usually succumbed more rapidly 
to sugar-beet mosaic than to cucumber mosaic, except at higher tempera- 
tures, when the symptoms of sugar-beet mosaic were less severe and the 
plants tended to survive. At certain stages, however, there might be a 
decided resemblance between the 2 diseases, especially on older plants, and, 
if the malformation associated with cucumber mosaic was not marked, it 
sometimes required considerable experience to distinguish between the 2 
on the basis of symptoms alone. 

Prom the foregoing description it will be seen that sugar-beet mosaic on 
spinach, while closely resembling spinach-blight in certain respects, differs 
from it in the occurrence of a fine, discrete spotting as an early symptom 
of the disease and in the absence of any marked malformation of the leaves 
of seedling plants such as is associated with ^'spinach-blight. Wlien one 
considers also the less ready transmissibility of the virus on spinach by 
needle inoculation and the fact that Virginia Savoy shows no evidence of 
resistance to sugar-beet mosaic, it becomes apparent that this disease bears 
less resemblance to the originally described spinach-blight than does 
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cucumber mosaic. On the other hand, sugar-beet mosaic on spinach resem- 
bles so closely the mosaic of spinach described by various German authori- 
ties (3, 2, 21, 22) as to suggest a probable identity of these 2 diseases, thus 
supporting the contention of Boning (2) that the spinach mosaic prevalent 
in Germany is identical with beet mosaic. 

When the tobacco ring-spot virus was found to be transmissible to 
spinach, it was thought that some comparative tests of the symptoms and 
behavior of this virus also on spinach might be of interest, since the disease 
is known to be prevalent on other hosts in certain districts. Only a few 
trials were conducted, however, as it was soon shown to differ in several 
respects, from spinach-blight. 

Tobacco ring-spot is known to be a disease of wide host range, readily 
transmissible by certain methods of artificial inoculation (23). Up to the 
present, however, no insect vectors of the virus have been determined. In 
the family Chenopodiaceae, garden and sugar beet are known to be sus- 
ceptible to the disease (15, 23), though, so far as the writer is aware, 
spinach, Spinacia oleracea L., has not previously been recorded as a host 
of the virus. 

The tobacco ring-spot virus proved very readily transmissible from to- 
bacco to spinach and from spinach to spinach (var. Bloomsdale) by both 
rubbing and needle methods of artificial inoculation (Table 3). In lim- 
ited tests, Virginia Savoy appeared to be equally susceptible to infection 
by these means. The virus was also readily recovered from Bloomsdale 
spinach to tobacco through inoculation by rubbing, although infection was 


TABLE 3 . — Transmission of the tobacco ring-spot virns to spinacM 


Mosaic 

host 

(source of 
virus) 

Host 

Mode of transmission 

Mysus 

persicae 

Macrosiphum 

solanifoUi 

Needle 

inoculation 

Eubbing 

inoculation 

In- 

fested 

Con- 

trol 

In- 

fested 

Con- 

trol 

Inocu- 

lated 

Con- 

trol 

Inocu- 

lated 

Con- 

trol 


Spinach var. 





15 

15 

15 

15 


Bloomsdale 



. 


15 

0 

15 

0 

Tobacco 

Spinach var. 





10 

10 

10 

10 


Virginia Savoy 





10 

0 

10 

0 


Spinach var. 

20 

20 

20 

20 

10 

10 

10 

10 

Spinacb 

Bloomsdale 

0 

o’ 

0 

0 

io 

0 

10 

Vo 

var. 










Bloomsdale 


10 

10 

10 

10 

10 

10 

10 

10 


Tobacco 

0 

0 

0 

0 

0 

0 

10 

0 


a See footnote to table 1. 


466 


Phytopathology 


[VoL. 23 


not obtained in this transfer by means of needle inoculation. No infection 
resulted in any trials following attempts to transmit tlie virus by aphids 
{Myzus persicae snid Macrosiphum solanifoUi) ; in this i^espect the virus 
differed markedly from that of spinach-blight. 

The minimum incubation period observed on spinach was 9 days. The 
first symptoms were those of systemic infection, large chlorotic areas ap- 
pearing on the young leaves, sometimes becoming bright yellow (Fig. 2, J). 
These areas showed a marked tendency to necrosis, the entire affected re- 
gion usually drying out very rapidly. No malformation of the leaves was 
observed. The plants showed a tendency to recover, especially in Avarm 
weather, subsequently developing leaves often being almost free from 
symptoms. Death of the plant did not occur under the conditions prevail- 
ing during the trials, although occasionally the entire foliage became yellow 
and the plant much stunted (Fig. 4, C). This disease, therefore, did not 
appear to bear a veiy close resemblance to spinach-blight. It is signifi- 
cant, however, that all 3 viruses studied in the present connection charac- 
teristically produce conspicuous yellowing and necrosis of the leaves of this 
host and that 2 at least may cause death of the plant. 

Isolation of Cucumher Mosaic from Naturally Infected Spinach. 
Toward the close of the investigation here reported, a number of spinach 
plants of a Savoy type, said to be naturally infected with spinach-blight, 
were kindly sent by E. ‘E. Clayton from the Long Island Yegetable Ee- 
search Farm of the New York Agricultural Experiment Station, Eiverhead, 
New York. Ten of these plants were selected at random and attempts were 
made to isolate from them any virus or viruses responsible for the diseased 
condition. This was accomplished by means of a transfer of aphids from 
each plant to healthy Bloomsdale spinach and, later, as soon as symptoms 
of disease appeared, from these spinach plants to tobacco and to sugar beet. 
Artificial inoculations were made also from the original spinach plants to 
tobacco and sugar beet. By these means a virus was recovered from all 10 
plants whose symptoms on the various hosts closely resembled those of 
cucumber mosaic. A direct comparison was, therefore, made of the symp- 
toms produced by this virus on tobacco and on cucumber with those of 
known cucumber-mosaic virus {cucuniber virus 1 (10)) by means of paral- 
lel inoculations to young cucumber and tobacco plants. On each host, the 
symptoms produced by either virus were almost identical. A comparison 
was made also of the thermal death point and longevity in vitro of either 
virus in tobacco-plant extract. In these determinations the thermal death 
point for each virus was found to lie between 65 and 70° C. and the long- 
evity m a between 1 and 2 days. On the basis of these results, the 
virus isolated from^ plants was, therefore, concluded to be 

cucumher virus 1. No sugar-beet-mosaic virus was recovered from any of 
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the plants^ as was indicated by the absence of any symptoms of this virus 
on any of the hosts inoculated; nor was the presence of any other virus 
detected. Unfortunately, no further material of spinach-blight has been 
secured at any time, so that too much significance should not be attached 
to these results. The}^ show, however, that cucumber mosaic may affect 
spinach in the field, producing symptoms eharacteristic of spinach-blight, 
and thus support the conclusion that true spinach-blight and cucumber 
mosaic are both due to the same virus. 

Inherit ability of the Cucumber-mosaic Ymis by Progeny of Inf ective 
AphiSs. Having concluded that the original spinach-blight is probably 
identical with cucumber mosaic on spinach, it seemed desirable to make 
some test of the capacity of the aphid vectors of cucumber mosaic for direct 
transmission of the virus from one generation of insects to the next in some 
such manner as had been done for spinach-blight. 

McClintock and Smith (13) performed 2 types of experiment in this 
connection. In the first type, colonies of Myzus persicae and Macrosiphum 
solanifolii, originating from viruliferous .stock, were bred through several 
generations on hosts supposedly not susceptible to spinach-blight and were 
tested at intervals for infeetivity by transfers to healthy spinach. In the 
second type, young of infective M, solanifolii were transferred at birth to 
liealthy spinach before they had time to feed upon the mosaic host. 

Since the w-riter has not been able to discover any host plant suitable 
for colonization of either species of aphid that is not susceptible to infection 
with cucumber mosaic, either locally or systemically, it was decided to 
repeat the second type of experiment, using Macrosiphimi solanifolii as the 
test species. The following procedure w^as adopted. Colonies of the aphid 
were bred for several generations exclusively on cucumber-mosaic spinach 
of the variety Bloomsdale before being tested in the experiment. All plants 
used as mosaic hosts showed characteristic symptoms of the disease in mod- 
erately advanced stages of infection. Young of adult aphids born and 
reared on such plants were then removed at birth by means of a fine earner s- 
hair brush and placed on healthy spinach plants in insect-proof cages. 
While McClintock and Smith transferred on an average 2 aphids to each 
plant, it seemed preferable in this test to use a larger number per plant, 
since previous experience with the transmission of the same virus by the 
peach aphid had indicated that infection wms not regularly obtained with 
such small numbers of insects.® Ten nymphs were, therefore, transferred 
to each of 15 plants, so that in all 150 young were tested for infeetivity. 
The aphids were closely observed after transference in order to ascertain 
whether they w^-ere in any wmy injured by handling, any individuals showing 

3 Hoggan, Ism4 A. Some factors involved in aphid transmission of the encumber- 
mosaic virus on tobacco. (In manuscript.) 
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any signs of injury being promptly replaced. The apbids were allowed to 
remain on the plants for a week or more, during wliieli time they made 
apparently normal development. They were then destroyed by fumigation 
and the plants observed for signs of infection. As a test of the infectivity 
of the parent aphids, 10 adults were transferred to each of 15 plants and 
treated in a similar manner. Fifteen untreated spinach plants served as a 
control. All plants were observed over a period of 5 weeks before final 
records were made. Of the 15 plants. to which the young nymphs had been 
transferred, all remained perfectly healthy in appearance throughout the 
experiment, while of the 15 plants infested with adult nymphs, 8 developed 
typical symptoms of the disease in less than 3 weeks. Although this does 
not represent a particularly high percentage of infection, it is approxi- 
mately what would be expected on the basis of previous results obtained on 
the transmission of the cucumber-mosaic virus by varying numbers of 
^each aphid.^ All control plants remained healthy throughout. There 
was, therefore, no evidence in this experiment of any direct transmission 
of the virus fromTmfectm^arent aphids to their progeny. 

The test was not repeated with Myzics persicae since a similar experi- 
ment, shortly to be reported elsewhere,® has been carried out with this 
species, using cucumber-mosaic tobacco as host. It may be stated, however, 
that here again there was no indication of any inheritance of the virus by 
progeny of infective parents. 

Properties of the 8%igar-beet-M.osaic Virus. Since an effective method 
of artificial transmission of sugar-beet mosaic was available in a modifica- 
tion of Holmes’s rubbing method of inoculation (9), it was thought that a 
determination of some of the properties of the virus in mosaic-sugar-beet 
extract might be of value as an aid to later identification. The following 
properties were studied: longevity in vitro j tolerance to dilution, and ther- 
mal death point. 

All virus extracts were prepared by macerating the leaves of mosaic 
sugar-beet plants in a meat grinder and straining the juice through cheese- 
cloth. Extractions were made soon after characteristic symptoms of the 
disease had developed on the plants. Inoculations were made to young 
sugar-beet plants by rubbing 3 leaves of each plant with a piece of cheese- 
cloth dipped in virus extract until the leaves were considerably bruised, 
usually the 3 lowest leaves exclusive of the cotyledons being selected. The 
hands were disinfected between each set of inoculations by washing thor- 
oughly with soap and water. Inoculations from untreated extract, wFich 
served as a control, were always made last. Pour separate determinations 
were made for each property, 5 plants in each test being inoculated with 
each sample of extract. 

4 See footnote 3. 

5 See footnote 3. 
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In the tests of longevity in vitro, 2 cc. of virus extract was placed in 
each of several test-tnhes and stored in the dark at an air teinperatnre of 
about 70° F. The contents of each tube were aged for a different period of 
time and separate inoculations made from each. For determinations of 
the thermal death point, 2 ee. of freshly extracted juice was heated for 10 
minutes in a thin-walled test-tube in a water-bath maintained at the desired 
temperature, then cooled rapidly in cold running water. Dilutions were 
made by adding 5 cc. of freshly extracted juice to 45 cc. of distilled water, 
then transferring 5 cc. of the mixture to 45 cc. of distilled water, and so on. 
In this way dilutions of 1 in 10, 1 in 100, etc., were obtained. 

The results of trials of longevity in vitro eixe given in table 4. While 


TABLE 4 . — Longevity in vitro of the sugar -'beet-mosaic virus 


Age of extract 

Number of plants infected of .5 inoculated 

Total number of 
infections 
(20 plants) 

in hours 

Trial 1 

Trial 2 

Trial 3 

Trial 4 

0 

(fresh extract) 

5 

5 

5 

5 

20 

a 

5 

3 

4 

3 

15 

6 

4 

2 

4 

2 

12 

9 

3 

3 

4 

2 

12 

12 

1 

3 

4 

1 

9 

18 

1 

2 

3 

1 

7 

24 

0 

1 

1 

0 

2 

48 

0 

0 

0 

0 

0 

TJuinoculated controls 

0 

0 

0 

0 

0 


some variation occurred between individual trials, it will be seen that the 
percentage of infection gradually decreased with aging, until after 24 hours 
the extracts yielded onl^^ 2 infections on a total of 20 plants. Extract aged 
for 48 hours gave no infection in any trial. According to these determina- 
tions, therefore, the longevity of this virus in vitro, at a temperature of 
about 70° F., should be placed at 24r-48 hours. 

The tests of tolerance to dilution (Table 5) yielded consistent results. 
In these tests there was a marked drop in the percentage of infection 
secured at a dilution of 1 in 100, and extracts diluted to 1 in 1,000 gave 
only 2 infections on a total of 20 plants. At higher dilutions, no infection 
was obtained. The tolerance to dilution was, therefore, concluded to be 
1 in 1,000. 
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TABLE 5.— Tolerance to dilution of the sugar-heet-mosaic virus 


Dilution of 

Number of plants infected of 5 inoculated 

Total number 
of infections 
(20 plants) 

extract 

Trial 1 

Trial 2 

Trial 3 

Trial 4 

None 

5 

5 

5 

5 

20 

1 in 10 

4 


4 

4 

15 

1 in 100 

1 

1 

1 

1 

4 

1 in 1,000 

0 

1 

1 

0 

2 

1 in 10,000 

0 

0 

0 

0 

0 

IJninoeulated 
controls 

0 

0 

0 

0 

0 


A preliminary test of tlie thermal death point of the virus indicated 
that this probably lay somewhere between 50 and GO'^ C. for a 10-minute 
exposure. Tests were, therefore, run at 50, 55, and 60 C., and a separate 
extraction of juice was made for each exposure in order to avoid any effect 
of ag'in^, since the virus had already been shown to lose some of its infec- 
tivity within a few hours in vitro (Table 4). As a control, unheated 
extract was allowed to stand for 10 minutes at room temperature before 
inoculation, and this proved to be highly infectious in all trials. 

The results of 4 separate experiments are presented in table 6. In each 
test extract heated at 50 and 55° C. yielded some infection, while extract 


TABLE 6 . — Thermal death point of the sugar-heet-mosaic virus {10 -minute exposure) 


Temperature 

Number of plants infected of 5 inoculated 

Total number 
of infections 
(20 plants) 

in °C. 

Trial 1 ^ 

Trial 2 

Trial 3 

Trial 4 

50 

5 

2 

i 3 

2 

12 

55 

1 

1 

2 

2 

6 

60 

0 

0 

0 

0 

0 

IJnbeated 






extract 

5 

4 


5 

19 

IJninoeulated 






controls 

0 

0 

0 

0 

0 


heated at 60° C. gave none. The thermal death point of the virus was, 
therefore, concluded to be between 55 and 60° C. 


1933] Hoggan : Viruses Ai^FECTiNG Spinach 471 

DISCUSSION 

Evidence lias been presented above pointing to tlie conclusion that the 
disease originally described as '"spinach-blight” is identical with cucumber 
mosaic on spinach. The wide range of hosts of the cucumber-mosaic virus 
and the cultivation of several of these in some of the spinach-growing dis- 
tricts of the United States, together with the ready transmission of the virus 
by various species of aphids, would no doubt be sufficient to account for 
the epidemics of the disease that occurred in certain regions before the 
introduction of resistant varieties of spinach. It is unfortunate, however, 
that direct comparisons have not been possible wdtli spinach-blight from 
districts where this disease is, or has been, most prevalent. Final test of 
relationship should rest upon a relatively simple matter of inoculation from 
affected plants to one or more characteristic hosts of the cucumber-mosaic 
virus ; though admittedly there might still be insufficient foundation for the 
assumption that a disease now recognized as spinach-blight was actually 
identical with the trouble with wffiich McClintock and Smith dealt 15 years 
ago. The demonstration that spinach is susceptible to several distinct 
viruses having certain characteristics in common suggests the possibility 
that more than one virus disease of this host may have been included at one 
time or another under the name spinach-blight, although it appears most 
likely that the disease originally described by McClintock and Smith (13) 
was strictly due to a single virus. L. K. Jones (11) reports the occurrence 
of beet mosaic on spinach in Washington, and it is possible that the crop 
may be subject to different virus diseases in different parts of the country. 
Moreover, if the conclusions reached in the present paper are correct, the 
spinach mosaic described in Germany would appear to be due to the same 
virus as sugar-beet mosaic, as originally suggested by Boning (2), but not 
to be identical with the spinach-blight of McClintock and Smith. Such 
considerations emphasize again the need of a critical analysis of the specific 
virus or viruses concerned in any particular disease, and the value of deter- 
minations of differential characters other than symptoms as additional 
means of diagnosis. 

If one accepts the conclusion that the original spinach-blight and cucum- 
ber mosaic on spinach are identical, another interpretation might be applied 
to certain results obtained by McClintock and Smith, believed to indicate 
a direct transmission of the virus from one generation of aphids to another. 
Cucumber mosaic is now known to have a wide host range and to affect such 
plants as potato, eggplant, and pepper, hosts used by these investigators 
for the breeding of successive generations of aphids from infective parents. 
Certain other hosts from wffiich the aphids w^ere tested, namely, lettuce, 
celery, and mustard, have also been found by the writer to be susceptible 
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to this disease. Althopgli McClintock and Smith obtained no infection of 
spinach by needle inoculation from several of the hosts upon which the 
aphids had bred, in the light of present knowledge it seems possible that 
such plants may actually have served as sources of virus for successive 
generations of aphids. Furthermore, no evidence has been obtained in 
connection with the cucumber-mosaic virus that the young of infective 
parent aphids are themselves infective before they have fed on a mosaic 
host. In view of the great fundamental significance attaching to any fully 
authenticated ease of direct inheritance of a plant virus by progeny of an 
infective insect vector, it is, therefore, felt that particular caution should 
be exercised in accepting such an interpretation of results in the absence 
of further confirmation. 

Other points of interest that have arisen during the investigation may 
barely be touched upon at the present time. The curious behavior of the 
cucumber-mosaic virus on sugar beet resulting in systemic or only localized 
infection according to the mode of introduction of the virus into the plant 
suggests specific relationships with the various tissues of the host about 
which much remains to be learned. The differential behavior of the cucum- 
ber- and sugar-beet-mosaic viruses with respect to the development of local 
or systemic infection both on sugar beet and on tobacco might be utilized 
as a means of separation of either virus from a combination of the two. 
Attention is directed also to the fact that, while previous studies on local 
lesions” have dealt mainly with those induced by artificial inoculation, the 
present investigation affords examples of similar lesions resulting from 
infection by aphids and representing feeding points of viruliferous insects. 

SUMMARY 

Spinach, Spinacia oleracea, is shown to be susceptible to at least 3 dif- 
ferent virus diseases, all of which characteristically cause conspicuous 
yellowing and necrosis of the foliage, while 2 of them frequently result in 
death of the entire plant. These diseases are : cucumber mosaic, sugar-beet 
mosaic, and tobacco x*ing-spot. That each of these diseases is due to a dis- 
tinct, specific virus is concluded from a comparison of their symptoms and 
behavior on certain commion hosts. 

Cucumber mosaic is shown to be transmissible to sugar beet, systemic or 
localized infection resulting according to the mode of transmission em- 
ployed. The development of local lesions as a result of infection by aphids 
is described in the case of cucumber mosaic on sugar and of sugar-beet 
mosaic on tobacco. 

Cueumber mosaic is very readily transmissible to spinach (var. Blooms- 
dale) by artificial inoculation and by the aphids My ms persicae and Macro- 
■m/pKwm solamfolu. The symptom sequence on this host elosely resembles 
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that of spinach-bliglit as originally described by McClintock and Smitb. 
Virginia Savoy spinach, known to be resistant to spinacli-blight, shows 
definite indications of resistance to cnenmber mosaic under greenhouse 
conditions. 

Spinach plants obtained from Long Island, said to be naturally infected 
with spinach-blight, were showm to be infected with the virus of cucumber 
mosaic {cucumler virus 1) . 

Sugar-beet mosaic is readily transmissible to spinach by means of aphids 
and by artificial inoculation, the Virginia Savoy variety showing no indica- 
tions of resistance to the disease under greenhouse conditions. The symp- 
toms on spinach differ in several respects from those described for spinach- 
blight, although closely resembling those of a mosaic of spinach present in 
Germany. 

Tobacco ring-spot is readily transmissible to either variety of spinach 
by artificial inoculation, though the resulting symptoms bear no very close 
resemblance to those of spinach-blight. No transmission of the virus was 
obtained by means of aphids. 

Determination of certain properties of the sugar-beet-mosaic virus, made 
as an aid to later identification, indicates that the longevity in vitro is 
between 24 and 48 hours at a temperature of about 10^ F., the tolerance to 
dilution 1 in 1,000, and the thermal death point for a 10-minute exposure 
between 55 and 60° C. 

On the basis of the extreme similarity in symptom sequence between 
cucumber mosaic on spinach and the spinach-blight of McClintock and 
Smith, together with their ready transmission by artificial inoculation and 
by aphids, and the resistance to either disease manifested by the Virginia 
Savoy variety, it is suggested that the 2 diseases are identical. On the other 
hand, a mosaic of spinach described in Germany and considered by some 
to be identical with the American spinach-blight is believed to be due to the 
virus of sugar-beet mosaic. 

No indication was obtained of any direct transmission of the cucumber- 
mosaic virus from infective parent -aphids, Macrosiphum solanifolii, to their 
progeny. The evidence previously presented as indicating an inheritance 
of the spinach-blight virus by successive generations of aphids is discussed 
in the light of the possible relationship between this disease and cucumber 
mosaic, and reasons are advanced for not accepting this evidence as con- 
clusive in the absence of further confirmation. 

University OP Wisconsin, 

Madison, Wisconsin. 
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KECORDS OF CITRUS SCAB MAINLY PROM HERBARIUM 
SPECIMENS OF THE GENUS CITRUS IN ENGLAND 
AND THE UNITED STATES 

Anna E. Jenkins and H. S. Eawcetti 
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INTRODUCTION 

For tlie purposes of obtaining more information on the occurrence and 
distribution of the disease known as citrus scab, material of the genus Citrus 
(mostly cultivated) was examined in 1930 at the herbaria of the Eoyal Bo- 
tanic Gardens, Kew, and the Department of Botany, British Museum, South 
Kensington, London, England, and in 1931, at the Gray Herbarium, and 
Arnold Arboretum, Harvard University, Cambridge, Massachusetts; New 
York Botanical Garden, New York, N. Y. ; the Philadelphia Academy of 
Natural Sciences, Philadelphia, Pennsylvania, and the United States Na- 
tional Herbarium, ‘Washington, D. C. 

Tabulations and discussions of data obtained from this study are here 
presented, since it is thought that they may be helpful in tracing some of the 
history and distribution of the disease. A few supplementary data, based 
mainly on mycological specimens, are included, 

HISTORICAL REVIEW OP THE DISEASE 

It is generally supposed that the Sphaceloma pathogen of citrus scab, 
known in the United States as S. fawcettii Jenkins, is indigenous to the Ori- 
ent, where its suscept (Citrus) is (20) also native. According to Tanaka 
(19), the earliest literature record of the Japanese name of citrus scab is in 
an unpublished manuscript written in 1818 by Yoshiyuki Murase. This is 
also the earliest knowm record of the disease. Other early records in the 
East are Nagasaki, Japan, 1863 (11), and Queensland, Australia, 1876 (21, 
p. 4) . The Nagasaki record is based (11) on phanerogamic specimens show- 
ing scab lesions, in the herbarium of the Hong Kong Botanical Gardens. 

In the Western Hemisphere, early North American records of the disease 
are Florida, 1878 (9), about 1884 (18), and about 1885 (14) ; and early 
South American records (on other than the common sweet orange {Citrus 
sinensis Osbeck), Argentina (2) and Paraguay (15), 1920, and Brazil, 
1923 (22). Swingle and Webber (18) believed that scab was introduced 
into Florida on Satsuma ((7. noiilis unshiu Sw.). If so, such introduction 
must have taken place between 1876, when Satsuma was first brought to 

1 Part of a paper read at the animal meeting of The American Phytopathological 
Society, December 30, 1931 (10). The remainder of the paper, dealing with citrus 
canker, will be presented separately. Thanks are due to A. D. Cotton, W*. B. Maxon, 
0. E. Kobuski, P. W. Pennell, J. Bamsbottom, E. M. Wakefield, and A. G. Weatlierby, 
for courtesies in connection with the examination of the phan^pgamie specimens, and 
to H. B. Pulton and W. T. Swingle for a critical reading of this paper. 
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Fig. 1. A. Paraguayan specimen of Sphaeeloma on sweet orange, together with 
label. X 1. B. Enlargement of A. x 7. 0. Scab on leaves of Citrus Naga- 

saki, Japan, 1863. xl. B. Scab on leaves of Citrus from Chosen, 1906. xl. 
Photographs by M. li, F. Foubert. 
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Florida (1), and 1878, tlie earliest date for the occurrence of the disease 
there (9). 

AVhen the disease was discovered in South America, in 1920, it was 
thought (2, 15) that it was of recent foreign origin there, although G. L. 
Fawcett (2) suggested that it might have been present in the country earlier 
without having been reported. Spegazzini (15) believed that the pathogen 
had been introduced from Florida. Hauman (8), however, considered that 
the disease differed in some respects from Massee's (12) description of it, 
which pertains only to the disease in Florida. 

The common sweet orange is generally regarded as immune from or 
highly resistant to attack by the citrus-scab pathogen. Scab of sweet orange 
is reported, however, in Paraguay (6, 15), Uruguay (6), and Argentina (3) . 
The myeological specimen collected in Paraguay in 1882 (9) is illustrated in 
figure 1, A and B. G. L. Fawcett (3), in reporting scab of the common 
sweet orange in Argentina, says that it is distinct from common citrus scab, 
affecting sour orange (Citrus aurantmm Osbeck) and mandarin (C. nahilis 
deliciosa Sw.) only slightly, and being practically limited to fruits. This 
author- has recently said that the disease, which was present in Argentina 
long before the common scab was introduced, causes a dwarfing of young 
sweet-orange fruits (less than half grown) and greatly disfigures full-grown 
fruits. Furthermore, in nonsprayed orchards, of which there are many in 
Argentina, the disease does not extend through the plantation, but affects 
only about 5 to 10 per cent of the trees. The name sweet-orange scab is 
here suggested for this disease. 

DATA OBTAINED MAINLY FROM PHANEROGAMIC SPECIMENS 

Table 1 lists the phanerogamic specimens on wdiich citrus scab, or what 
appears to be this disease, was found. It wull be noted that all of the ma- 
terial is eastern and that the kinds of citrus represented are those recognized 
as moderately or highly susceptible to scab. As would be expected, none of 
the specimens are from the Philippines, where the disease is not known to 
occur. The diseased phanerogamic specimen from Chosen, dated 1906, 
showing numerous scab lesions, is probably one of the earliest records if not 
the first record of the disease in that country. Leaves from the specimen 
in the Arnold Arboretum are shown in figure 1, D. Assuming that the 
lesions on the two specimens from Bengal are definitely of scab, these now 
constitute the earliest known record of the disease in India. The Javanese 
specimen is the earliest available record of the disease outside of Japan. 
The only other record from Java is dated 1919 (9). 

The prevalence of scab at Nagasaki, Japan, in 1862-1863, on several dif- 
ferent kinds of citrus is indicated by the several specimens from Nagasaki 
listed in the table. Leaves from the specimen in the United States National 

2 Letter dated Dec. 20, 1931. 
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Herbarium, clatecl 1863, are shown in figure 1, C. The specimen, originally 
identified as dims noUlis, dated 1863, is evidently of the same collection as 
that in the Hong Kong Botanical Gardens, referred to in the previous sec- 
tion, The specimens dated 1862 now supersede this collection as the eaidiest 
specimen record of the disease and the earliest record of its occurrence at 
Nagasaki. 

Among the early specimens from the AVestern Hemisphere examined 
were those from the British Museum, i.a., sour orange (highly susceptible to 
scab), from Jamaica (in the Sloane Herbarium) dated 1783, and from the 
region of the St. John’s Eiver, Volusia County, Florida, dated 1848. Upon 
discussing wnth Dr. Swingle the fact that this material is scab-free, as is (9) 
that in the Sclnveinitz Hex^barium, acquired by the Academy of Natural 
Sciences, Philadelphia, in 1834, also including, sour orange, he contributed 
the information that as late as 1893, when scab was wide-spread in Florida, 
he found a grove of naturalized sour orange there that w^as still unaffected. 
This w^as in Lake County, on the right bank of Alexander Spring Greek, 
near its junction with the St. John’s Eiver and a few miles south of Dex- 
ter ’s Lake. 

Although not found on South American phanerogamic specimens of cit- 
rus examined, citrus scab is pi^esent on a number of mycologlcal specimens 
recently received from that continent. The kind of citrus represented and 
the source of this mateilal are as follows : from Ai^gentina, lemon ( C if)'us li- 
monia) collected in 1925 by G. L. Fawcett and common sw^eet orange col- 
lected in 1927 by Max Kisliuk; and from Brazil, common sw^eet orange, 
lemon, and lime (0. aurantifolia Sw.) intercepted in 1930-31, by inspectors 
of the United States Bureau of Plant Quarantine ; Satsuma from the Sub- 
Estacao Experimental de Limeira, Cordeiro (near Limeira) , Sao Paulo, col- 
lected ill 1931 by Carlos Wright and sent by E. E. Honey, and Satsuma, 
lemon (Genoa, rough, and sweet), bitter-sw^eet orange (C. aiirantium L.), 
and lime (Rangpur), collected in 1932 at Yicosa, Minas Geraes, by P. H. 
Rolfs. 

The present study gives added support to the idea that scab originated 
in the Orient at an early date and was introduced into North America from 
this region. But it affords no explanation of the origin of the foiun or 
forms affecting the sw-eet orange in South America, in one instance knowm 
to have been present as early as 1882. This is only 4 years later than the 
earliest date for scab in the Western Hemisphere and long before scab was 
found on other kinds of citrus in South America or on sweet orange (16) in 
North Amei'ica, i.e., Florida. The investigation adds no new countiues to 
the know^n distiubution of scab on any kind of citrus, unless there is no pre- 
vious record from Chosen. The combined literature reports of the disease 
as now available, how^ever, show that its known w^orld i-ange is considerably 
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greater tliaii in 1921 (13), 1923 (22), or as late as 1926 (5). This range is 
as follows : 

Eastern Hemisphere: Chosen (Korea), Japan, Formosa, China, Siam, 
India, Ceylon, Malay Peninsula, Java, Oceania (Bonin Islands, Fiji Islands, 
Guam, and Hawaiian Islands), Australia (Queensland, New South Wales, 
and Victoria), New Zealand, Africa (Belgian Congo, Nyassaland, Rhodesia, 
Sierra Leone, and Union of South Africa). 

Western Hemisphere : United States (Alabama, Florida, Louisiana, Mis- 
sissippi, and Texas), Bermuda, West Indies (Cuba, Dominican Republic, 
Jamaica, Lesser Antilles, Porto Rico), Trinidad, Mexico, Canal Zone, South 
America (Argentina, Brazil, Colombia, Paraguay, and Uruguay). 

Citing Fawcett (4), Peltier and Frederieh (13), in discussing the effects 
of weather on the world distribution of citrus scab, give 23° C. as the maxi- 
mal temperature at which infection by the scab pathogen may occur. But 
Fawcett (4) actually obtained infection at 24.5° and at 27.5° C. in an ex- 
periment so arranged that the infection period was prolonged (experiment 
with detached leaves floating in water). It would seem that infection at 
these higher temperatures should also be considered in studies involving the 
temperature relations of this organism. Also,, the longer infection period 
at these higher temperatures may indicate that at such temperatures, under 
natural grove conditions, there would be much less chance for infection than 
at 16°-23° C. but that infection would not be precluded. 

SUMMARY 

Data obtained mainly from an examination of phanerogamic herbarium 
specimens of the genus Citrus in some herbaria in England and the United 
States support the idea that citrus scab originated and was present in the 
Orient at an early date. The Javanese specimen dated as early as 1840 con- 
stitutes the earliest specimen record of the disease. The two specimens from 
Bengal (one dated 1868, the other thought to be much earlier) are the ear- 
liest specimen records from India and the specimen from Chosen (dated 
1906) is probably the earliest, if not the first, record of the disease in that 
country. The Japanese specimens dated 1862 constitute the. earliest speci- 
men records of the disease. Based mainly on. combined literature records 
the present known range of citrus scab, including the form (or forms) af- 
fecting the common sweet orange, is given. Attention is called to the" fact 
that Peltier and Frederieh, in discussing the effects of weather on the world 
distribution of citrus scab, do not take into consideration that scab has been 
obtained experimentally at 24.5° and at 27.5° C. (where the infection period 
was prolonged) as well as at the range of 16° to 23° C. 

Bureau OP Plant Industry/ Washington, D. C., 

AND Citrus Experiment Station 
(University op Calipornia), 

Riverside, California. 
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PHYTOPATHOLOGICAL NOTES 

Physiologic Specialization of Tilletia tritici on Emmer. — Bmmer, com- 
monly known as spelt, is grown as a feed crop in the Dakotas and in ad- 
joining states. Vernal (White Spring) or common emmer, now most com- 
monly grown, was brought to the United States by German-Russian immi- 
grants and grown in the Dakotas prior to 1898. Samples of this variety 
have since been introduced into this region as Yaroslav emmer. ^ 

Although the emmers, Triticum dicoccim, as a class, formerly were con- 
sidered resistant to smut, Tilletia (Bjerk.) Wint., is now common and 

frequently destriictive in emmer fields of this region. Head infections of 
25 to 50 per cent are not uncommon. 

Emmer smut caused by Tilletia levis Kuehn has not been observed by 
the writer, although infections by artificial inoculations have been induced 
v!iithout difficulty. 

Pour collections of Tilletia tritici on emmer from different counties in 
North Dakota and 146 collections on durum wheat were studied critically 


Tig. 1. Tilletia tritici from Ceres wheat, developed hy artificial inoculations. 
A. Spores of T408, originating from durum wheat, B. Spores of T394, originating from 
emmer. 

1 Martin, J. H., and C. E. Leighty. Emmer and spelt. TJ. S. Bept. Agr. Earmers^ 
Bui. 1429. 1924. 
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Fig. 2i. Tilletia iriiici from Ceres wheat, developed hy artificial inoculations. A, G, 
B, and F. Smut halls, T401, T402, T4(}5, and T411, originating from durum wheat. 
B and E. Smut balls, T391 and 394, originating from emmer. 

2 Smith, W. K. Eeaction of Martin wheat to three physiologic forms of Tilletia 
trUicL Phytopath. 22: 847-850. 1932. 

3 Holton, C. S. Differences in size and shape of smut balls of two physiologic forms 
of raietm tntici. (Abst.) Phytopath. 23: 16, 1933. 
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with a microscope. Wide variations were found in the size and shape of 
spores and in the degree of spore- wall reticulations, but the spores of the 
4 collections of emmer smut, T289, T391, T394, and T412, were uniformly 
unlike these of the durum smuts. They were uniformly of one size, almost 
spherical and with well-developed reticulations (Pig. 1). 

These differences in spores, under certain conditions, were accompanied 
by a difference in shape of smut balls. This was disclosed by inoculating 
Ceres wheat. 

Single smut balls from each of the emmer collections and from 10 durum 
collections were each applied separately to 50 seeds of Ceres wheat. The 
smut balls developing from each inoculation of emmer smut were much 
elongated, while those from the durum smuts were distinctly rounded (Pig. 
2 A). Somewhat similar difference in shape of smut balls from 2 physio- 
logic forms of Tilletia tritici was reported by Smith^ and Holton.^ In addi- 
tion to these differences the smut collections were pathogenetically unlike. 
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In tlie inoculations of Ceres referred to above the 4 emmer colleetions 
produced an average of 24 per cent of smutted heads, whereas the 10 dnruin 
smuts produced an average of 86 per cent. In field inoculations, involving 
triplicated 5-foot rows, the emmer smuts produced low percentages of in- 
fection on 10 wheats and relatively high infections on Yaroslav emmer. 
The 10 durum smuts, conversely, produced relatively high infections on 
10 wheats and low infections on Yaroslav emmer. 

The collections of emmer smut from the 4 different fields appear to be of 
1 physiologic form. Although it is suggested that the emmer smuts of this 
region generally may belong to this 1 specialized form of Tilletia triUc% it 
remains to be determined definitely whether or not this is true. — W. E. 
Brentzed, Plant Pathologist, North Dakota Agricultural Experiment 
Station. 

Germination of the Oospores of Psendoperonospora hum%di.~ — ^Prompt 
germination of the oospores of the hop disease, downy mildew. Pseudo- 
peronospora hwmdi (Miy. and Tak.), and infection of hop seedlings with 
inoculum were obtained in connection with trials to determine the disease 
resistance of new hop varieties. The only other report of oospore germina- 
tion was made by Arens.^ His results are substantiated by those here re- 
ported, and the importance of the oospore in the study of this destructive 
disease is established. 

Mildew-infected leaves full of oospores, obtained 2 years before, in the 
fall of 1930, and kept as dry herbarium specimens in the laboratory, were 
finely ground with a mortar and pestle. The method of germination sug- 
gested by Hiura^ was used. Briefly, the method was as follows: Moist 
layers of cotton were placed in the upper and lower halves of Petri dishes 
and a layer of absorbent paper was crumpled to give a corrugated effect on 
the lower layer of cotton. A small quantity of the powdered leaf was 
sprinkled on this paper. The contents of the dish were kept moistened and 
the dishes in all these trials were maintained at room temperature, about 
20® C. Grermination was obtained also by soaking the mildew-infected 
leaves in water for several days. 

The work was begun on December 20, 1932, and numerous trials were 
undertaken and observations made several times daily. In a microscopic 
preparation made from a culture conducted by the first method described 
and prepared at 11 a.m., December 27, there was evidence of germination 

1 Arens, K. Fntersucliungen Woer Pseudoperonospora humuli (Miyabe n. Takali.), 
den Erreger der neuen Hopfenkrankbeit. Pbytopath. Ztschr. 1: 169-193. 1929. 

2Hinxa, Makato. Simple method for the germination of oospores of Sclerospora 
graminicola* Science 72: 95. 1930, 
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at 9: 30 p.m., on tlie next day, December 28. Two sporangia bad formed 
and were emitting zoospores, but in the last stages, for the zoospores were 
moving about feebly and soon rounded up. Most of the zoospores had 
already escaped, for only 7 were observed to come from one of the sporangia 
and 8 from the other. Immediately 6 young Late Cluster seedlings growing 
in the greenhouse were inoculated with this zoospore material. On the first 
day of January, 1933, there was evidence of conidiophores on 4 of the 
seedlings, and on January 2 there was unmistakable evidence of mildew 
infection. 

On January 1 some evidence of zoospore formation was found in the 
leaf material, which had been soaking in water. Eight seedlings of the Fun- 
gles variety were inoculated on this date, and on January 4 all of the seed- 
lings were found heavily infected with downy mildew. The seedlings died 
from the effects of the mildew within a few days. 

In subsequent work an excellent section of tissue containing numerous 
oospores was found in the leaf material soaking in water. Germination was 
plainly observed in these cases. The oospores germinated by means of a 
germ tube, perhaps twice the diameter of the oospore in length, which 
rounded up at its outer extremity into a sporangium similar to the conidia 
formed in the summer. Germination of this sporangium by zoospores was 
hastened by slightly warming the glass slide with a lighted match. It was 
difficult to obtain exact counts, but more than 30 zoospores emerged from 
each sporangium. Eight seedlings of the Puggles variety were inoculated 
with this material on January 18, and on January 21 all of them show^ed 
unmistakable mildew infection. 

Measurements showed that the oospores were approximately 30 n in 
diameter. The sporangia measured about 26 x31 p. The zoospores were 
bean-shape and were 5 to 7 p in size. The zoospores, after swimming around 
briskly for about 20 minutes at room temperature, rounded up and came 
to rest. 

Knowledge of oospore germination is not only of value in studying the 
life history of the fungus but also in controlling the disease. Also, it has 
been necessary to carry the inoculum on live plants, as this disease is an 
obligate parasite. Now the problem of carrying the fungus for laboratory 
and greenhouse study is simplified. For example, the plant breeder may 
collect oospore material in the fall, germinate the spores when he chooses, 
and inoculate hop plants. Whether newly formed oospores must go through 
a dormant period before they are capable of germination is not known. The 
2-year-old material used in these trials, however, germinated promptly. 
Additional studies are being conducted,®— E. N. Bkessman and E. A. 

8 Published as Teehnical Paper No. 192 mtb the approval of the Bireetor of the 
Oregon Agricultural Experiment Station. 
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Nichols, Oregon State Agricnltniral College and U. S. Department of Agri- 
cnltiire. 

The Spermatia of Flax Bust, Melampsora Uni. — Melampsora Uni (Lk. ) 
Desm. is an autoecions long-cyele rust. It is lieterotliallic, for an isolated, 
gametopliytic infection cannot proceed to the formation of aecia; it remains 
haploid. But an infection to which spermatia have been transferred from 
another infection of opposite sex forms aecia rapidly and discharges aecio- 
spores within 3 or 4 days. 

The question arises as to how the spermatia enter and become efEective 
in initiating the sporophyte generation. Although the young flax leaf is 
tender and the walls of its epidermal cells are relatively thin, few of the 
rust hyphae of any sort grow out to the surface of the leaf. An intensive 
search for receptive hyphae reaching the leaf surface between epidermal 
cells or in stomata gave negative results. The spermogonia offer a feasible 
avenue of entrance and it is not unlikely that spermatia do grow in through 
them, but an experiment has proved that spermatia from a mature infection 
can become effective before the spermogonia of another infection develop. 
Some other method, therefore, must be available. It would appear that sur- 
face hyphae are not essential to fertilization in flax rust. 

The extreme minuteness of the spermatia makes difficult a detailed study 
of their structure and behavior. In infections fixed at short intervals after 
smearing spermatial exudate on the leaf surface at an infection, the sper- 
matium has been observed to flatten down onto the epidermal wall, secrete 
minute drops of some substance that may serve to attach it to the wall, and 
push out a fine beak that penetrates the wall diagonally. There is some evi- 
dence that this penetration is effected partly by mechanical force and partly 
by enzymatic action. The spermatium then enters and moves across the 
epidermal cell, perhaps carried passively by cytoplasmic streaming. Many 
die at this stage, perhaps overcome by the defensive forces of the host. 
There are some indications that a few survive. At the inner wall a sper- 
matium attaches itself, again pushes out a fine beak that passes through the 
wall and then grows, becoming a hypha within the intercellular spaces. 

Cell fusions of paired hyphae are of regular occiu’rence in the young 
aecium. This is presumptive evidence that the hyphae of spermatial origin 
maintain an independent existence up to this point. — Ruth F. Allen, 
Division of Cereal Crops and Diseases, United States Department of Agri- 
culture, cooperating with the Agricultural Experiment Station of the Uni- 
versity of California. 

A Corh’lorer Method for Inoculating Trees . — During the past several 
seasons the writer has been working with fungus organisms that develop in 
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the cambial region of true firs (Abies spp.). Various methods were used 
experimentally to introduce the organisms into the cambium. A cork-borer 
method of inoculation, suggested by B. P. Meinecke, of the Division of 
Forest Pathology, has been most satisfactory and is especially adaptable 
to field conditions. 

The method used is as follows: After sterilizing the area of bark where 
the inoculation is to be made, a |-ineh cork borer is employed to cut through 
the bark to the xylem. The borer is then carefully withdrawn, containing 
the bark core in the barrel. The inoculum is deposited in the hole and the 
core immediately refitted into place by forcing it from the barrel, with the 
phinger, directly into the hole. The core is secured in place and drying 
out is prevented by the application of waterproof adhesive tape, which is 
best wrapped eompletely around the branch or stem. If the tape is put on 
in patches it has a tendency to loosen or curl back from the ends and, there- 
fore, seals ineffectively. 

This method is particularly useful for trees with relatively thick bark, 
especially when it is desirable to deposit appreciable amounts of inoculum 
in the cambial region. When a large number of inoculations are to be made 
in the field the method as described has the advantages of quickness, sim- 
plicity, and effective prevention of desiccation. Serious air contamination 
is unlikely since the bark core is removed for only an instant while the 
inoculum is being deposited. — Ernest Wright, Division of Forest Pathol- 
ogy, U. S. Department of Agriculture, San Francisco, California. 



BEPOBT OF THE TWENTl-FOVBTH ANNUAL MEETING OF THE 
AMEBIC AN PHYTOPATHOLOOICAL SOCIETY 

THE ATLANTIC CITY MEETING 

The twenty-fourth annual meeting of The American Phytopathological Society was 
held from December 28 to 30, inclusive. Nearly 200 members were present and 
112 pai)ers were presented in 11 sessions. There were joint sessions with Section G, 
A. A. A. S. (the Julius von Sachs Memorial Program) and with the newly formed Myco- 
logieal Society of America. The contributions presented at this meeting may be classi- 
fied according to subject as follows: diseases of miscellaneous crops (2 sessions), IS 
papers ; virus diseases of tobacco, 10 papers j soil treatment, seed treatments, and sprays, 
12 papers; diseases of forest trees, 9 papers; virus diseases, 11 papers; diseases of orna- 
mentals, 11 papers; diseases of cereal crops (2 sessions), 20 papers; diseases of decidu- 
ous and small fruits, 13 papers; vegetable diseases, 11 papers. 

At the annual conference on extension work in plant pathology (held on December 
28 under the chairmanship of P. J. Haskell) about 50 specialists took part in discus- 
sions of the following topics: use of lantern slides, film strips, motion x^ictures, photo- 
graphic enlargements, colored i)l^ites, and specimens with demonstrations and exhibits; 
use of radio (wfith demonstration), plant-disease schools and study classes, plant clinics, 
farm-and-home-week programs, contests and clubs, agricultural trains and plant-disease 
surveys as a method of teaching. 

A session on ‘^Tho Outlook for Plant Pathology under Present Conditions,'^ under 
the chairmanship of Professor H. H, Whetzel, considered changes in extension methods 
to meet changed economic conditions and the effect of present economic conditions on 
the prevalence of some plant diseases. 

On December 28 was held the annual dinner, entertainment being furnished under 
the auspices of the pathologists of New Jersey, Ne<v York, Delaware, Pennsylvania, and 
Harvard University. 

Ten new or little-known plant diseases w^ere reported at this meeting : crown gall on 
Carnegiea gigantea (Michael Levine); a sterile but fungus-like leaf spot on pineapple 
(Melville T. Cook) ; a new sclerotial fungus from Texas (D. C. Neal and R-. W. Wester) ; 
a brooming of JRohinia iiseiicloacacm (Carl Hartley and L. W. E. Jackson); a Neetria 
canker of basswood (D. S. Welch) ; Neetria eoccinea on beech (John Ehrlich) ; fig 
mosaic in California (Ira J. Condit and Wm. T. Horne) ; a new neerogenic virus disease 
of potatoes in California (E. S. Schultz and W. P. Baleigh) ; a Cytospora canker of 
Picea (C. J. Gilgut and O. C. Boyd). Other scientific contributions included descrip)- 
tions of the perfect stages of Sclerotium gladioli (F. L. Drayton) and of S. oryzae (B. 
C. Tullis) ; the production of a fertile saltant of Eelminiliosporium mtivvm by ultra- 
violet irradiation (F. J. Greaney and J. E. Machacek) ; acquired immunity to mosaic 
and spot necrosis in tobacco (J. M. Birkeland) ; the toxicity of mercuric chloride-potas- 
sium iodide solutions (W. P. Ealeigh) ; the genetics of Sphapelotheca sorghi and S. 
cnienta (H. A. Eodenhiser) ; the pathology of crosses between the loose and covered 
barley-smut fungi (H. A. Eodenhiser and B. F. Barnes); the occurrence of apple scab 
on stored fruit (C. 0. Bratley) ; the virus diseases of dahlia (Philip Brierley) ; Sphaee- 
loma on sweet violets (L. M. Massey, E. P. White, and A. E. Jenkins) ; a new fruit spot 
associated with apple measles (Anthony Berg) ; bacterial cankers of Prunus in Califor- 
nia (E. E. Wilson) ; a tuber rot of potatoes caused by Botrytis cinerea (Donald Fol- 
som) ; and a bacterial blight of broad beans in Louisiana (L. H. Person). Abstracts 
of the papers on the progi’am of this meeting are printed in the January number of 
PHYTOPATHOLOGY. 
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OFFICERS. AND REPRESENTATIVES 

The following officers and representatives were chosen: 

Presideiitj J. C. Arthur, Purdue University, LaFayette, Indiana. 

Vice President, N. E. Stevens, U. S. Department of Agriculture, ■Washington, D. C. 

Councilor (two years), Carl Hartley, U. S. Department of Agriculture, Washington, 

D. C. 

Associate Editors (three years), Lee M. Hutchins, Fort Valley, Georgia; F. L. 
Drayton, Central Experimental Farm, Ottawa, Canada; Carl D. La Rue, University of 
Michigan, Ann Arbor, Michigan, and B. F. Lutman, Burlington, Vermont. 

Business Manager (one year), F. C. Meier, U. S. Department of Agriculture, Wash- 
ington, D. C. 

Advertising Manager (one year), R. S. Kirby, Peijnsylvania State College, State 
College, Pa. 

Committee on Extension (five years), R. E. Vaughan (to replace C. W. Gregory), 
College of Agriculture, Madison, Wisconsin. 

Representatives on the Council of the A. A. A. S. (one year), E. E. Stevens, U. S. 
Department of Agriculture, Washington, D. C., and H. S. Cunningham, Long Island 
Vegetable Research Farm, Riverhead, IST. Y. 

Member of the Board of Governors Crop Protection Institute (3 years), I. E. Mel- 
hus, Iowa State Agricultural College, Ames, Iowa. 

Representative on Committee on Nomenclature, Botanical Society of America, J. G. 
Arthur, Purdue University, LaFayette, Indiana. 

The following temporary committees were appointed to serve throughout the meet- 
ings : 

Auditing Committee, Vera K. Charles and C. R. Orton. 

Committee on Elections, Mark Woods, A, B. Hatch, and C. S. Holton. 

Committee on Resolutions, E. C. Stakman, R. P. White, and W. B. Tisdale. 

REPORT OP THE SECRETARY-TREASURER, 1932 

At the close of 1931 the Society had 836 members, including the 48 new members 
elected at the New Orleans meeting. During 1932 six former members were reinstated 
and a total of 62 members were lost, 2 through death, 18 by resignation, and 42 who 
were dropped from the Society for nonpayment of dues. Thus, the total inembership 
now stands at 780. Election of the 47 new applicants for membership will bring this 
number up to 827, a net loss of 9 for the year. Under adverse economic conditions x^re- 
vailing during the year it would seem that total membership in the Society has been 
maintained at a surjirisingly high figure. 

This is especially true in that no drive has been made for new members. It is sug- 
gested that members make every effort to call the advantages of membership to the atten- 
tion of nonmembers who have an interest in the control of plant diseases. Due to the 
large number of papers presented for publication in PHYTOPATHOLOGY, it wait be 
necessary in the future to accept satisfactory contributions from members only. 

STATEMENT OF ACCOUNTS FOR THE YEAR ENDING DECEMBER 14, 1932 


Meeeipts: 

Balance from 1931 $2,651.21 

Annual dues: 1931 : 20.00 ($10.00 life) 

1932 (294.53 life) 

1933 2,009.30 (535.17 life) 

1934 1.55 . 3,771.39 
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Interest on checking account 21.11 

Donations to Lyman Fund included in checks for dues 4.00 

Sales and special sales included in checks for dues 9.63 

Refund by Secretary-Treasurer, expenses of meeting 4.19 

Cash from B. B. Mundkur for dues in other societies 16.17 


Total receipts $6,477.70 

Expenditures : 

Member subscriptions transferred to PHYTOPATHOLOGY 

(1932, part 1931) ^ $2,813.04 

Transferred to Sinking Fund savings account 886.00 

Secretarial work 333.27 

Printing (programs, preliminary programs, abstracts, ballots, 

etc.) 159.69 

Advance of funds to Secretary-Treasurer for expenses of New 

Orleans meeting 125.00 

Expenses of entertainment at New Orleans Phytojiathological 

dinner 35.00 

Mimeographing and mailing press releases 33.84 

Advance arrangements trip to Atlantic City by Secretary- 

Treasurer 21.80 

Chicago conference of Centennial Exhibits Committee 24.57 

Postage and stamped envelopes 42.36 

Telephone and telegrams 8.76 

Supplies and furniture 63.35 

Express on abstracts and on letterhead paper 2.25 

Visitor's chair and desk chair for Dr. Butler 24.72 

Checks returned by bank 25.00 

Federal tax on checks .24 

Donations transferred to Lyman Fund 4.00 

Sales and special sales transferred to PHYTOPATHOLOGY 9.63 

B. B. Mundkur, dues in other societies 16.00 

Balance on hand 1,849.18 


Total $6,477.70 

SINKING FUND 

The Sinking Fund, obtained by deducting $5.00 (formerly $6.00) from each life- 
sustaining membership payment, is now $7,663.35, of which $5,000.00 is invested in first- 
mortgage notes. During the year one note for $1,500.00 w^as paid up. As recommended 
by the investment committee the Secretary-Treasurer has o];)ened a savings account with 
the Riggs National Bank of Washington, D. C, In this account was deposited the above- 
mentioned $1,500.00 and also $886.00 accumulated during 1931 and 1932, giving a total 
in this account, with interest, of $2,393.35. (The balanee of $270.00 is in the checking 
account of the Society). 

Respectfully submitted, 

E. C. WEim., Secreim'y-Tfeastirer, 
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REPORT OE THE BUSINESS MANAGER OF PHYTOPATHOLOGY FOR 1932 
STATEMENT OF ACCOUNTS FOR THE YEAR ENDING DECEMBER 14, 1932 


Receipts : 

Balance for 1931 $1,227.33 

Subscriptions: 1930 $ 6.50 

1931 59.99 

1932 2,484.12 

1933 651.91 3,202.52 


Sales of back volumes and numbers 202.38 

Special half-price sale 673.05 

Advertising: 1931 $ 61.56 

1932 537.39 

1933 4.00 602.95 


Interest on Sinking Fund 390.00 

Principal paid on first-mortgage note 1,500.00 

Member subscriptions 1931 25.00 

Member subscriptions 1932 2,788.04 

Sale of Classics Ho. 1 2.80 

Dues to American Phytopathological Society received with 

subscriptions 22.50 

University of Toronto for share in publishing Forward ar- 
ticle 110.00 

Palestine Experiment Station for share in cost of reprints 10.00 


Total receipts $10,756.57 


JSocpenditures : 

Manufacturing PHYTOPATHOLOGY : 

Vol. XXI, No. 12 $719.02 

Vol. XXI, Index 157.88 $ 876.90 


Vol. XXII, No.^ 1 
No."' 2 
No. 3 
No. 4 
■No. , 5 
No. 6 
No. ' 7 
No. 8 
No. 9 
No. 10 
No. 11 

Postage 


621.84 

611.36 

480.63 

769.47 

556.60 

726.72 

347.91 

329.17 

425.38 

506.51 

389.57 5,765.16 

489.21 7,131.27 


American Phytopathological Society address list 129.64 

Secretarial work for Business Manager 229,85 

Expenses of office of Editor in Chief 124.07 

Editor in Chief for expenses of New Orleans meeting ................ 60.79 
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Commission and expenses of former Advertising Manager for 

1931 119 A5 

Expenses of present Advertising Manager 87.90 

Postage and envelopes 122.15 

Deposited Sinking Fund savings account 1,500.00 

Transferred to American Phytopathological Society for dues 22.50 

SubscriiDtions refunded 19.85 

Checks returned by bank and collection charge on foreign 

check 12.50 

Miseellaneous (supplies, reprints, etc.) 12.45 

Federal tax on checks .36 

Balance on hand 1,183.79 

$10,756.57 


Evidence of the degree to which our Editor in Chief, Dr. H. B. Humphrey, has kept 
expenses of publication -within income is found iii the fact that the balance remaining 
out of 1932 receipts available for publishing the December, 1932, number of PHYTO- 
PATHOLOGY was $527.88. The actual cost of this number was $412.08. 

At the end of the calendar year 1931 there w^ere 573 subscribers (nonmembers) to 
PHYTOPATHOLOGY, including 6 complimentary subscriptions. Fifty-nine (24 from 
U. S. S. B.) w^ere cancelled for 1932 and during the year 18 were dropped from the list 
because of failure to maintain their subscriptions. With 40 new subscriptions added 
during the year the net loss was 37, reducing the subsci’iption list to 536. 

Bespectfully submitted, 

F. C. Meier, Business Manager. 

REPORT OF THE EDITOR IN CHIEF 

The restrictions placed upon the published output of plant-science journals because 
of declining revenues have registered their effect also on PHYTOPATHOLOGY. The 
number of manuscripts submitted during 1932 has, however, furnished no evidence that 
the general economic depression has been a deterrent to the assembling and preparation 
of research data for publication. The increasing volume of manuscripts submitted for 
publication in our journal still bears eloquent testimony to the fact that not a few of 
the papers till considerably more space than the substance they present really w^arrants. 

In these times, which call for exercise of the strictest economy, our contributors 
could do much toward speeding up publication by giving greater care to the preparation 
of their manuscripts. It is sometimes necessary to return a manuscript to its author 
two or three times for revision or possible rewriting before it is in acceptable shape for 
the printer. Many contributors give too little thought to the preparation of tabular 
dataj some of the manuscripts contain tables without headings,* others present tables 
two or more of wdiich could be condensed to a single table. The illustrative matter 
accompanying the papers published in volume 22 of our journal has, in the main, been 
more satisfactory than in the past. Some of the illustrations have been exceptionally 
choice. 

The 22nd volume of PHYTOPATHOLOGY contains 1,002 pages of printed matter 
and illustrations. The preceding volume comprised 1,207 pages of such matter. The 
1,002 pages of PHYTOPATHOLOGY for 1932 are classihed as follows: seventy-five 
articles, 30 phytopathological notes, 3 reports, 5 book reviews, 108 abstracts (3 by title 
only), 1 plate, and 160 text figures. During the period January 1 to December 31, 1932, 
approximately 157 manuscripts of articles, phytopathological notes, reports, book re- 
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views, etc., and 136 abstracts (4 by title only) have been submitted. Of this number, 
14 nianuserii^ts were returned to tlieir authors for revision, 2 were found unaceexatable, 
and 3 were withdrawn. Of manuscripts submitted in 1931, too late for publication that 
year, 1 was returned to its author for revision, 2 were not accepted, and 1 was with- 
drawn. Of the several manuscripts received during the current year, 17 articles, 7 pliy- 
topathological notes, and 117 abstracts (2 by title only) are now in i>ress. The index 
for volume 21 of PHYTOPATHOLOGY was published as a supplement to the February, 
1932, number. 

The editor wishes to acknowledge with gratitude the highly efficient clerical and 
editorial service rendered by Frances W. Todd. Thanks are due also to each of the sev- 
eral members of the editorial board and to The Science Press Printing Company for the 
part each has shared in maintaining the standards of editorial excellence and workman- 
ship of PHYTOPATHOLOGY. 

Bespectfully submitted, 

H. B, Hxjmppirey, Editor in Chief. 

REPORT OF THE ADVERTISING MANAGER 

In 1932 a total of 96 advertisements were run in PHYTOPATHOLOGY. These 
comprised a total of 70| pages. Of the total advertising, the cash advertising consisted 
of 61 advertisements, occuiiying 44^^ pages, valued at $713.05,* further, the exchange, 
PHYTOPATHOLOGY back-number sale, advertising directory, etc., accounted for 35 
advertisements, occupying 26 1 pages. 

The amount and value of the total advertising space contracted in 1932 remained 
very nearly the same as in 1931 ; however, PHYTOPATHOLOGY', along with nearly all 
other journals, was affected by the general business conditions. A total of 19^ pages 
of advertisements was lost by cancellation. 

An effort has been made during the past year to make PHYTOPATHOLOGY ad- 
vertising of greater value both to members of the Society and the advertiser. An adver- 
tising directory has been included, which lists each advertiser and his products. 

The advertising manager wishes to express his appreciation of the valuable assis- 
tance and suggestions given by J. F. Adams, the former advertising manager, and to 
The Science Press Printing Company, publisher of PHYTOPATHOLOGY. 

Respectfully submitted, 

R. S. Kirby, Advertising Manager. 

COMMITTEE OF EDITING PHYTOPATHOLOGICAL ABSTRACTS 

That the scientific merit of the abstracts of papers submitted for inclusion in the 
jjrograms of the annual meetings and for publication in PHYTOPATHOLOGY is still 
regarded by a considerable proportion of the Society membership as too slight to justify 
this use of the members^ time, the JournaPs space, and the Society's funds is well known 
to the committee on editing abstracts. It is quite patent also that individual members 
are not disposed to recognize in their own contributions to the Society's abstract prob- 
lem the same shortcomings as those deplored in the abstracts submitted by others. And 
some never submit any abstracts at all, so that their proficiency cannot be gauged; but 
they complain of what other members write, nevertheless. Because the issue of scientific 
worth of the abstracts is touched with personal interest, the committee still tends to err 
on the side of toleration. Abstracts are accepted that the committee knows make no 
significant contribution to our science; the committee is then blamed for low standards 
and lax enforcement ; every year some one proposes that the Society cease printing ab- 
stracts, others rise to defend them, and so, far into the night, the old battle rages.’’ 
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The real difficulty, as has been pointed out before, is that these abstracts represent 
a place on the program, as well as the author's conception of a scientific note worthy of 
publication. The committee on editing abstracts has never received a mandate from the 
Society to act as a Censor of Programs. It holds, until the vSociety rules otherwise, that 
it is the inalienable right of every member to aspire to a place on the program and to 
submit in fulfillment thereof any title in the field of phytopathology that the Secretary 
will accept. The substance of the discourse and the manner of presentation are the con- 
cern of the individual, subject only to his own regard for his professional standing, the 
time limit, and the patience of his audience. 

Accordingly, this committee does not presume to say what papers may or may not 
have a place on the program. Our function is construed to be only the reviewing of 
the abstracts to pass on their scientific merit and novelty, and to edit them when neces- 
sary to meei reasonable standards of literary expression. We do not want to enter into 
a discussion here of the advisability of charging the cost of iminting the abstracts 
against the authors, but we urge the Society to support the abstracts committee, 
whether this committee flourishes next year under the imjyetus of a new deal or lan- 
guishes under its present personnel, in a strict application of the following policy, 
authority for wffiich was voted by the Society tw^o years ago. Abstracts that do not, 
in the judgment of the committee, measure up to standards of scientific worth and 
novelty comparable to those maintained for full-length papers that are printed in 
PHYTOPATHOLOGY will be published by title only. 

Bespectfullj^ submitted, 

Freeman Weiss, Chairman, 

COMMITTEE ON COOPERATION WITH BIOLOGICAL ABSTRACTS 

The editor of BIOLOGICAL ABSTRACTS has proposed that this Society adopt a 
system, already in effect with several other scientific journals, for more promptly obtain- 
ing abstracts of papers xniblished in PHYTOPATHOLOGY. In brief, the system pro- 
vides for the preparation of abstracts by the author of the paper and sets up a method 
of distributing requests for abstracts, and in many cases the return of abstracts by 
authors, simultaneously with the correspondence ordinarily incident to the distribution 
and return of galley proof. 

Consultation with the editorial board of PHYTOPATHOLOGY discloses that the 
proposed method is acceptable to the editors of our journal and will be given a trial. 

According to this system, the editor of BIOLOGICAL ABSTRACTS will furnish 
the editor of PHYTOPATHOLOGY with a supply of forms for requesting abstracts. 
One of tliese requests will be attached to the galley proof of each paper to be published 
in our journal and will be sent to the author, wdio will prepare the abstract and return 
it, with the proof or separately, to the editor of PHYTOPATHOLOGY. The latter 
will collect all the abstracts that pertain to the original papers, which make up an issue 
of the journal, and will send them, together with a notice of the probable issue date 
of this number, to the editor of BIOLOGICAL ABSTRACTS. As soon as this number 
of the journal is distributed, the editor of BIOLOGICAL ABSTRACTS will send the 
abstracts pertaining thereto to his assistant editors in charge of the resj^eetive sections. 
Thus, all lapse of time between the appeai'ance of the original paper and the securing 
and distribution of abstracts to the section editors of BIOLOGICAL ABSTRACTS will 
be avoided. It is expected that the abstraets may even be published within a month or 
two of the publication of the original paper. 

It is hoped in this way to make BIOLOGICAL ABSTRACTS of real service as a 
current review of original publications within even a limited field, such as phytopa- 
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thology, in addition to its service in covering the biological field as a whole and in fur- 
nisliing an animal subjeet-niatter index thereto. 

JK.esx:>ect fully submitted^ 

FRmMAiij Weiss, AcMng for the Chairman. 

REPORT OF COMMITTEE ON INVESTIGrATION OF FOREIGN PESTS AND DISEASES 

An exxiedition sent bj" tlie Bureau of Plant Industry (Horticulture and Foreign 
Plant Introduction) to South America discovered potato wart in Bolivia, thus estab- 
lishing for the first time the presence of this disease in that country, and, incidentally, 
throwing further doubt upon the European origin of Syneliytrium endohioticim, since 
this fungus has been known from Peru since 1929. 

A little-known smut of potatoes caused by Polysaccopsis Jiieronymi (Schroet.) 
P, Henn. was collected in the Andes Mountains near Meridia, Venezuela, by C. E. Char- 
don and forwarded to Washington for identification. This is the first report of this 
smut on potato tubers, the former collections from Argentina, Bolivia, and Brazil being 
recorded as occurring on branches and pedicels of Solamvm sp. It occurs in Stevenson ’s 
list under the name Urocystis hieronymi. 

The smut disease of Golchicuni bulbs was intercepted in 1932 at Washington in ship- 
ments from Holland. As high as 12 p)er cent of the bulbs were infected with ’Urocystis 
colehici and higher percentages w’ere detected in 1931 shiimients. 

In view of the present conditions with respect to funds for our investigations in 
foreign countries, the following suggestions are offered for consideration: 

(1) Members of our Society -who are making visits to foreign countries might 
secure valuable information with resi>ect to specific parasites if they would communicate 
wfith the committee concerning their itinerary. 

(2) Similar visits by mycologists, botanists, horticulturists, and others familiar with 
pest problems could be made contributory to our knowledge of foreign-pest and disease 
control. The committee null welcome such cooxieration. 

(3) In view of the financial difficulties already mentioned, there is another avenue 
of help, Le,, the assistance of special attac'hees of the Diplomatic Service. Such as- 
sistance might be helpful in many \vays and should be carefully considered. 

C. R. Orton, Chairman^ 

W. H. McCubbin, 

F. C. Promme. 


committee on press 

Following the custom of the past 4 years, the jiress committee placed its duties in 
the hands of the Press Service of the The American Phytopathologieal Society, an inde- 
pendent organization established for the purpose of issuing the abstracts of the mid- 
winter meetings in a form suitable for publication in the newspapers of the country. 

The abstracts (with the exception of about 5 were rewritten and 50 mimeograxihed 
copies released through Austin Clark. In previous years, it -will be recalled, between 
25 and 30 pages of mimeographed new^s stories have been released to nearly 500 news- 
papers and farm magazines. This year it has not been possible to continue this work. 

That this work has been profitable and well worth the Society /s efforts is evidenced 
by the response from the public to a story on the use of naphthalene (c/., Weiss & 
Evinger, PHYTOPATHOLOGY 22: 1932) as a fungicide given wide circulation 'yia the 
Kew York Times, as well as the accounts published in the Market Growers Journal 
wherein nearly all the vegetable papers of last year were reported. 
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It is hoped that in anothex year, if this sort of beneficial jness agentry be continued, 
a greater degree of cooperation between the membership of the Society and various 
institutions may be maintained, so that the material can be in the press committee’s 
hands as soon before November 15 as possible, in order that it may be assembled in its 
effective form, mimeographed, and mailed not later than December 1. 

For his invaluable suggestions this year, as in earlier ones, the committee is indeed 
grateful to Mr. Don B. Reed, managing editor of the Washington Post. Mr. Reed, 
ill his capacity as consulting editor of the Press Service, especially last year (1931), 
wa,s unquestionably responsible for the hearty reception given our material by the press 
of the country. 

W. A. Whitney, Chairman. 

COMMITTEE ON ELECTIONS 

The committee on elections, after having opened sealed ballot envelopes and count- 
ing ballots for each nominee, reports election of the following officers: President, J. 0. 
Arthur, Vice President, N. E. Stevens, Councilor, F. D. Heald.i 

Mark Woods, Chairman. 

A. B. Hatch, 

C. S. Holton, 

COMMITTEE ON NECROLOGY 

During the calendar year 1931, there have been two deaths, as follows: 

Prof. Arthur Jaezewski, February 12, 1932. 

Dr. Roland Thaxter, April 22, 1932. 

A. G. Johnson, Chairman ^ 

G. P. Clinton, 

M. B. Waite. 

REPORTS OP OTHER COMMITTEES AND REPRESENTATIVES 

American Association for the Advancement of Science. A brief, informal report of 
the representatives on ihQ Coimcil of the American Association for the Advancement of 
Science was presented by D. Reddick. 

Auditing Committee. The Auditing Committee apipointed December 28, has ex- 
amined the books of The American Phytopathological Society and PHYTOPATHOLOGY 
and found them correct. 

Vera K. Charles, Chairman, 

C. R. Orton. 

Committee on Extension Worh in Plant Pathology. The activities of the committee 
on extension work have been chiefly along two lines: the publication of the mimeo- 
graphed leaflet The Extension Pathologist smd the making of arrangements for the 
extension conference at the j)resent Atlantic City meeting. Owing to the fact that funds 
for the mimeographing in the U. S. Department of Agriculture were cut in half this 
year, only 3 numbers of The Extension Pathologist have been issued to date and each 
number is restricted to a total of 8 mimeographed pages. The committee will aiDpre- 
ciate receiving suggestions for improvement and also contributions to this publication. 

No summer meetings of the committee or of extension pathologists were arranged 
in 1932 because of the unsettled economic conditions. 

G. T. Gregory, Chairman. 

1 See item under Other Business. 
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Committee on Century of Progress Mxpositmi, At the request of the Chairman, 
L. R. Jones, the duties of this office were assumed in 1932 by H. W. Anderson. A meet- 
ing of a part of the committee was held at Chicago, where contact was made with J. P. 
W. Pearson, who has charge of the exhibits on biologic science in the Basie Science 
Building. The plans of the committee called for financial support from the general 
funds of the Century of Progress Exposition. According to Dr. Pearson, this support 
was not possible because of the lack of funds. He gave us to understand that funds 
for other exhibits were being supplied from commercial sources. It Avas the opinion of 
the committee that we were not empowered to go ahead under these conditions, and so 
reported to the Secretary of the Society. 

In correspondence with Secretary Meier it was suggested that the committee request 
support from the Agricultural Section as represented by A. P. Woods and C. W. War- 
burton of the United States Department of Agriculture. It seemed from their state- 
ments that sufficient financial suj)port could not be secured to warrant a special exhibit, 
which, in the opinion of Dr. Pearson, would cost in the neighborhood of $5,000. 

It is the opunion of the Acting Chairman that your committee should continue to 
fmaction in an advisory capacity but should make no further effort to secure a separate 
phytopathological exhibit. 

(Dr. Jones requests that H. W. Anderson be made active Chairman of the com- 
mittee.) 

L. E. Jones, Chairman, 

0. T. Gregory, 

G. K. K. Link, 

M. B. Waite, 

H. W. Anderson. ■ 

Eepresentatives on Board of Governors, Crop Protection Institute. The Crop Pro- 
tection Institute continued its pmoductive Avork during 1932 with as many active research 
projects as in any other year of its history. The scope of its work is gradually increas- 
ing, as more and more industrial organizations entrust it with funds for prosecution of 
research. Large corporations have reduced their research activities and it has been 
difficult throughout 1932 to secure financial support of research by industrial funds. 
Corporations have been interested in arranging for preliminary exploration during this 
period of reduced business activity. They are interested in searching for new outlets 
and new products at the present time, so they may be in a position to engage in more 
comprehensive development later and may have a groundwork laid for such plans. Pre- 
liminary exploration of this kind can be done at moderate expense and can be carried 
along step by step over relatively short periods of obligation. 

In 1932 the Institute directed 16 active research projects. Eight of these projects 
were related to problems in ifiant pathology, covering such phases as development of 
new copper sprays and dusts, iodine salts as fungicides, fungicides in combination with 
oil sprays, combined fungieides and insecticides, industrial adhesive tape to reduce 
losses from crown gall, plant introduction and improvement, development of flotation 
sulphur, copper salts in relation to plant nutrition and plant stimulation, etc. The 
various projects are being conducted through the cooperation of 9 experiment stations, 
and each project is under the supervision of a committee composed of 3 plant patholo- 
gists, Publication of results has been made where conditions warrant publication. 

The Board of Governors, as in the past, is composed of 3 members elected by the 
American Phytopathological Society, 3 members elected by the American Association 
of Economic Ehtomologists, and 2 members elected by the Association of Agricultural 
Chemists. The officers elected by the Boards of Governors for 1933 are W. C. O^Kane, 
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Cliairmaii, Durham, New Hampshire; J. F. Adams, Vice Chairman, Newark, Delaware, 
and Paul Moore, Secretary and Treasurer, National Research Council, Washington, D. C. 

W. F. Martin, Chairman, 

. J. F. Adams. 

HesohitiOns Committee. The American. Phytopathological Society wishes to express 
its heartiest thanks to Albert Skean, Executive Secretary of the Atlantic City Conven- 
tion and Publicity Bureau, for his very efficient help in making such satisfactory ar- 
rangements for the meetings of the Society. 

The American Phytopathological Society wishes to express its appreciation to the 
management of The Madison Hotel for extraordinary courtesies and hospitality during 
the meetings. We wish to thank especially Prank E. Sutch, Publicity and Convention 
Manager, Eugene C. Fetter, Managing Director, and Linton B. Arnold, for extraordinary 
helpfulness in connection with our meetings. 

The generosity of Domenico Pirone has made it x>ossible to translate and make 
available to pathologists and mycologists the extremely interesting publication of Fon- 
tana on rusts. The American Phytopathological Society wishes, therefore, to express 
to Mr. Pirone its ap)i>reciation of his interest in the progress of our science and its 
deepest gratitude for his extraordinary generosity. The Society is thankfuL also to 
P. P. Pirone for making the translation. 

Whereas the committee on the banquet xDrogram labored very effectively, possibly 
even long and arduously, in delineating our individual and collective mental and emo- 
tional growth curves, much to our profit and merriment, BE IT TSEBEFOBE ME- 
SOLVED by The American Phytopathological Society, even after having recovered 
from the immediate effects of the meteoric shower of pungent wit, that we express our 
appreciation of the kindly spirit in which the quips were quipped and our thanlcs for 
the thought- and mirth-provoking efforts of W. H. Martin, Chairman of the committee, 
to Richard White, to Mr. Ology, McGinty, and others who helped produce the festival 
of fun. 

Recognizing the fact that the Secretary-Treasurer of the Society and Business 
Manager of PHYTOPATHOLOGY, F. C. Meier, and the Editor in Chief of PHYTO- 
PATHOLOGY, H. B. Humphrey, work hard and get in return nothing except occasional 
criticisms and complaints, we wish to record our appreciation of their efficient and 
unselfish services and to thank them deeply and sincerely for contributing their time 
and energy to the affairs of the Society, 

BE IT BESOLVED that no limitation be placed on the surge of New Year's reso- 
lutions to help insure the future financial support for our journal, PHYTOPATHOLOGY, 
of which we are all proud and of which w© wish to become prouder, and that we resolve 
to transmutate our resolutions into donations, in order that we may help the present 
generation and future generations to publish promptly and effectively the results of 
Xrathological researches. E. C. Stakman, Chairman, 

W. B. Tisdale, 

Richard White. 

ACTION OF THE COUNCIL 

In addition to making the appointments of the officers mentioned earlier in this 
report, the Council submitted the following actions, which were approved by the Society. 

1. On consideration of an offer from H. H. Whetzel to personally handle for the 
Society business management of Phytopathological Classics, with editorial work by H 
B. Humphrey, it is recommended that this offer be accepted with the provision that the 
arrangement may be terminated at the will of either party on 1 year 's notice, the money 
on hand and remaining stock to be returned to the Society. 
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2. It is recommended that, in conjunction with the general meeting of the xAmerican 
Association for the Advancement of Science and associated societies, a combined Chicago 
and summer field meeting he scheduled during the time set by the American Association 
for the Advancement of Science and that the President advise with the Council regard- 
ing appointment of a committee to handle arrangements. 

3. It is recommended that enrollment of new life members be tem];)orarily discon- 
tinued, pending study by the committee on investments of the financial return from this 
class of members, the committee, if necessary, to increase the rate for new members 
in this class. 

4. On consideration of the excellent service to the Society rendered by W. A. Whit- 
ney, who, for several years, has served as i^ress representative, the Council passed a 
resolution commending Mr. Whitney for this work that urged him to reconsider his 
resignation from these duties. The Council instructed the Secretary to report on Mr. 
Whitney ^s work in some detail to the Society in business session. 

5. That, as was the case in 1932, the Editor in Chief of PHYTOPATHOLOGY be 
allowed actual expenses for 1933 up to or vsithin $300.00 for secretarial and editorial 
assistance. 

OTHER BUSINESS 

The reports of officers, committees, and representatives, as printed above, were 
accepted. 

The Secretary read the following from a telegram from President P. D. Heald — 
Prevented from coming to Atlantic City by influenza. Greatly disai)pointed as I had 
been looking forward to the trip and the pleasure of meeting many old friends and 
making new acquaintances. Best wishes for an enjoyable and successful meeting. 
Following this reading, the Society instructed the Eesolutions Committee to prepare a 
telegram to be sent by the Secretary expressing regret of those present in Atlantic City 
at President Heald ^s enforced absence. 

It was moved and carried that in view of the fact that under the Constitution the 
retiring President, F. D. Heald, automatically retains a seat in the Council for 1933, 
Carl Hartley, who received the second largest number of votes in the mail ballot, be 
elected Councilor for 2 years. 

Eesignation of L, E. Jones from the Committee on Exhibits at the Chicago Century 
of Progress Exposition and his recommendation that H. W. Anderson be assigned the 
chairmanship of this committee were approved. 

Attention was called by the Secretary to good results obtained from activities of 
press representative W, A. Whitney and methods used in making his popular rewrites 
of abstracts available to the press. 

Proposal submitted in a telegram by W. A. Whitney to the effect that the annual 
meetings in 1933 be devoted to a Silver Anniversary and Memorial Program Avas referred 
to the Council with power to act. 

Motion made by J. C. Walker that the Council, in consultation with the Editor in 
Chief and the Business Manager of PHYTOPATHOLOGY, be empowered to charge 
authors a set price per page for articles published in PHYTOPATHOLOGY, said price 
to be determined by the Council, provided said price does not exceed $1.00 per page, 
was carried. 

Motion introduced by A. G. Johnson that publication of abstracts be abolished was 
defeated after much discussion. 

It was moved by L. E. Jones and carried that the Council be empowered, in the 
ease of abstracts, to charge up to full cost of publication, removing the limit of $1.00 
per page previously authorized, for publications in PHYTOPATHOLOGY. 
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ARTHUR JACZEWSKI 

NOVBMBBE 3, 1863-PEBRUAEY 12, 1932 

Arthur Jaezewski was privately educated in Eussia and took advanced studies 
in the University of Berne, Switzerland. He also attended special lectures at the 
Sorbonne and the universities of Lausanne and Montpellier. 

In his earlier years he botanized extensively, privately, in Russia, Switzer- 
land, Italy, and Algeria. In 1901, he founded the Central Laboratory of Plant 
Pathology'^ and 'was its director until 1905. In 1907, he became the director of 
the newly organized Bureau of Mycology and Phytopathology,^’ which, in 1917, 
was reorganized into the Division of Mycology and Plant Pathology. Later this 
was elevated to a national ^ ^ Institute, ” named for him, ^^Institut Jaczewski. ” 

Professor Jaczewski wns an unusually capable, productive worker, publishing 
mueh in the field of mycology and plant pathology. He was dominated to the last 
by worthy ideals of service through science, giving all he had in zealous pursuit 
of these, undaunted, undistraught, let happen what might. And withal, as his 
intimate associates and family knew him, ever the same courteous considerate 
gentleman; pure-minded, open-hearted, honest seeker of right and truth, interested 
in art, music, and all good things; ^^kind and amiable to everyone,” ‘^respected, 
admired, and loved by friends, associates, and pupils.” 
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POLAND THAXTER 

AUGUST 28, 1858-APRIIi 22, 1932 

Roland Thaxter, in preparation for Ms life work, studied at Harvard Univer- 
sity, receiving the A.B. degree Magna Cum Laude in 1882, devoted two years to 
work in the Harvard Medical School, and returned to graduate work under the 
Harris Fellowship to specialize in mycology and cryptoganiic botany with Dr. 
Parlow, receiving the degrees of M.A. and Pli.l). in Natural History in 1888. 

From 1888 to 1891 he served as Mycologist at the Connecticut Agricultural 
Experiment Station in New Haven, carrying on important pioneer work in the 
study and control of plant diseases, yet still continuing his activities in pure 
mycology. In 1891 he 'was called back to an assistant professorship as Dr. Far- 
low’s associate, and in 1896 was given the full responsibilities of teaching and 
research in eryptogamic botany when Dr. Farlow relinquished all instruction save 
the guidance of occasional research students. In 1901 he became full professor, 
the position he occupied until 1919, when he became professor emeritus and hon- 
orary curator of the Farlow Library and Herbarium. 

His publications comprise a list of 88 papers, chiefly concerned -with fungi, 
but to some extent dealing with other groups of cryptogams and even with insects. 
The five volumes of his monograph of the Laboulbeniales stand out as one of the 
greatest of works in the history of mycology. 

He exerted a distinct influence on plant pathology through his own brief but 
outstanding work in this field, through his inspiring example of the accuracy and 
completeness of his investigations, through the aid he gave to pathologists who 
consulted him in difficult mycological problems, and through the training and 
ideals he transmitted to students. In the course of his work he traveled exten- 
sively and made valuable and unusual collections. His eminence was internation- 
ally recognized by honorary memberships in learned societies and academies, by 
prizes, and by election to positions of honor in important societies. He was 
American editor for the Annals of Botany from 1907 until his death. 

An outstanding scholar and investigator, an effective teacher, his nearly fifty 
years of devoted work exerted a significant influence far beyond his own sphere 
of endeavor, and his death was a great loss not only to mycology but to plant 
pathology as well. , 
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FACTORS AFFECTING THE SPORULATION OP PHYLLOSTICTA 
SOLITARIA IN ARTIFICIAL CULTURE 

A . J . M I X 

(Accepted for publication August 5, 1932) 

Several investigators of the apple-blotch fungus, Phyllosticta soUtaria 
E. and E., have experienced difficulty in obtaining sporulation in artificial 
culture. Clinton (3) reports tha|,P. solitaria made rather slow growth in 
culture and/ ^ had not, after two ii^iths’ development, given any sign of the 
formation of a spore stage.” He does not state what medium he used. 
Scott and Rorer (13) found that pycnidium-like bodies were formed in 
abundance in all media, but that they usually were sterile. These investi- 
gators were able to secure spore-bearing pycnidia only on sterilized apple 
wood and on corn-meal agar. Lewis (10) obtained spores on apple wood 
but not on prune agar, potato agar, or potato cylinders. Roberts (12) 
found that on all ordinary solid culture media P. solita^ would form 
pycnidia but that they were sterile. Pycnidia wdth snores developed, how- 
ever, after 2 or 3 months on sterilized apple twigs. Cuba (6) had similar 
difficulty. He found that the fungus produced sterile pycnidia or 
^^pycnosclerotia” on nearly all media employed, but sporulation occurred 
in his cultures only occasionally. He was inabla/to induce sporulation by 
the use of ‘^roll cultures” or by exposing cultures to alternating high and 
low temperatures. His spore-bearing cultures failed to produce other 
spore-bearing cultures, and he concludes that there is no evidence of the 
occurrence of sporulating strains. More recently, Kohl (7) reports the 
formation of fertile pycnidia on cormmetl agar when the cultures con- 
tained the pieces of host tissue used in isolating the fungus. Subcultures 
from these sporulating cultures Ailed to* produce fertile pycnidia. 

Phyllosticta solitaria has beewkepf in^pure culture in this laboratory 
for several years. One of the earliest observations on its behavior was that 
a large proportion of the cultures made on various common media produced 
spores. It seemed wortkwhile, therefore, to study some of the factors that 
might influence sporulation of this fungus in culture, with the object of 
finding a medium on which sporulation woul^,occur with some regularity. 

INFLUM^E OF liOl^fev 

Physiologically distinct strains of Aany ftmgl ;6ccur in different local- 
ities. It seemed possible that her ei|f might explanation of the fact 

m i 
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Phyllosticta solitaria ^poviiMed more readily in this laboratory tham 
elsewhere. Accordingly, in 1925 a culture of the fungus, isolated from 
Tennessee material, was obtained from G. D. Sherbakoff. At the same time 
some blotch-cankered apple twigs were obtained from H. W. Anderson, 
and several isolations were made from them. The Tennessee and Illinois 
cultures produced spores as freely as did the Kansas cultures. Since as 
will appear below, there are sporulating and nonsporulating strains of the 
fungus in one locality, it seemed useless to pursue this point further. 

INFLUENCE OP SOURCE OP CULTURE 

It seemed possible that there might be some difference in behavior be- 
tween cultures isolated from different parts of the host. Isolations were 
therefore made from twig cankers, fruits^ and leaves ; the fungus w^as grown 
on several media, chiefly potato agar without added sugar. The results 
are summarized below. 

Cultures from twigs Sporulating 73 Nonsporulating 44 

fruits 47 33 

leaves ‘‘ 31 37 

There is clearly no significant difference as to ability to produce spores 
between cultures obtained from twigs, fruit, or leaves. 

INFLUENCE OP TIME OF ISOLATION 

Another possibility considered was that the time of year when isolations 
were made might influence the behavior of the fungus in culture. Guba (6) 
suggests this possibility. He obtained spores in culture from isolations 
made in February, and none from isolations made in autumn or early 
winter. His later attempts to obtain spores from isolations made in early 
spring were, however, unsuccessful. 

There have been in this laboratory, during the past several years, nearly 
300 cultures of Phyllosticta solitaria, each representing a separate isolation. 
These isolations w^ere made at all seasons: from twig cankers at intervals 
throughout the whole year and from fruits and leaves during the spring 
and summer. The record kept on these cultures shows that several for 
every isolation-date have produced spores. 

INFLUENCE OF LIGHT 

Coons (4) found that light was necessary for formation of pycnidia 
hy Plenodomtis fuscomaculans. According to Coons and Levin (5), Levin 
(9), and Leonian (8), certain species of the Sphaeropsidales require light 
for pycnidium formation, while others do not. Guba (6), in experiments 
with Phyllosticta solitaria, found that the formation of sterile pycnidia 
(pycnosclerotia) was not inhibited by darkness. 
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The results shown in table 1 indicate that Phyllosticta solitaria belongs 
to the light-indifferent forms. In this experiment, as in those subsequently 
reported, duplicate cultures of each series were made in 125 cc. Erlenmeyer 
flasks, 40 cc. of the medium being placed in each flask. One series of cul- 
tures was exposed to the light from a window, the other was kept in a 
photographic dark room. The temperature of the 2 rooms was the same 
within 2 or 3 degrees throughout the experiment. 


table 1 . — Influence of light on pycnidium formation and sporuXation of Tliyllo- 
sticta solitaria 


Culture 

Pycnidia formed 
in light 

Spores formed 
in light 

Pycnidia formed 
in dark 

Spores formed 
in dark 

166 

... , ■ t- 

, 4 - 

4 - 

+ 

168 : 

... ■ ■ 

4 * 

0 

0 

169 

1 - 

4 " 

0 

0 

216 

4 - 

4 - 

4 - 

4 - 

217 

... 4 * 

4 - 

4 - 

+ 

218 

4 - 

0 

4 - 

0 

219 

+ 

4 - 

4- 

4 - 

229 

4 > 

0 

4 - 

0 

230 

4 - 

0 

4 - 

0 

231 

... 4 * 

0 

4 - 

0 


The performance of cultures 168 and 169 in this experiment might sug- 
gest that there are light-sensitive races of Phyllosticta solitaria, but whether 
any significance should be attached to the failure of these cultures to 
sporulate in the dark could be determined only by further experimentation. 

SPORULATION ON COMMON MEDIA 

The fungus has been found to produce spores on such common media 
as potato agar, oatmeal agar (Clinton formula), corn-meal agar (Shear's 
formula), Difco corn-meal agar, green-apple agar, string-bean agar, bark- 
decoction agar, and potato-dextrose agar. The 2 last-named media, in suit- 
able concentration, were found especially favorable to sporulation. They 
will be given further consideration below in connection with the discussion 
of quantity of food. 

LIQUID VERSUS SOLID MEDIA 

Liquid cultures are commonly used in nutrition studies with fungi, 
especially if quality of food is being considered. It appeared quite early 
in the present investigation that liquid culture media could not be used. 
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Cultures were made in various seed broths, potato-dextrose brotti, and cer- 
tain synthetie nutrient solutions. The fungus grew well, forming a con- 
siderable amount of submerged mycelium, but formation of pycnidia oc- 
curred only after the cultures had dried out enough to allow development 
of aerial mycelium, and pycnidia were not produced abundantly until the 
liquid was nearly or quite gone. 

An attempt was made to use filter-paper pads in connection with liquid 
media as suggested by Leonian (8). They were, however, found unsatis- 
factory with this fungus. An experiment, for example, on quantity of 
food, in which parallel series of cultures were made using filter-paper pads 
wet with the nutrient solution and the same solution solidified with agar, 
resulted in very irregular sporulation on the pads. The agar cultures, on 
the other hand, gave regular and consistent results. Consequently, in the 
study of factors yet to be considered agar cultures were employed. There 
seems to be no objection to the use of agar in such experiments provided 
the fungus cannot use the agar itself as a source ' of carbon. Since 
Phyllostiota solitaria makes only negligible growth in cultures where agar 
supplies the only source of carbon, it can be assumed that agar is not 
utilized by this fungus. 

INFIiUENCE OF QUANTITY OF FOOD 

The factor that, in these studies, has seemed to have the greatest effect 
on sporulation is quantity of food. Coons (4), w^ho has studied the effect of 
food quantity on growth and reproduction of Plenodomus fuscomaculans 
(Sace.) Coons, has shown that the range of food concentration within which 
growth of that fungus can take place is wider than that allowing formation 
of pycnidia and spores. Concentrations of food so low as to be near the 
subsistence limit did not permit sporulation in his cultures, while an over- 
abundance of food caused excessive mycelial growth wuth attendant sup- 
pression of pycnidia. In his discussion Coons calls attention to the fact 
that, in most ordinary laboratory media, fungi are greatly overfed. 

Phyllostict a solitaria f it will be seen, reacts readily to variations in food 
concentration. It is quite possible that the failure of previous investi- 
gators to obtain sporulation in culture was due to their using media of too 
high food content. Potato-dextrose agar, as it is ordinarily made in this 
laboratory (potatoes 140 gm., dextrose 10 gm., agar 20 gm., water 1,000 cc.), 
appears to be too rich for P. solitaria. It will allow sporulation but by no 
means so readily as more dilute media. 

In a rich mediurn, such as potato-dextrose agar, growth of the fungus 
is thick and piled up, and separate pycnidia are not vibible, but, by their 
coalescence they form a sclerotium-like crust. Some strains of the fungus 
form a whitish, aerial mycelium over this crust, others do not. In more 
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dilute media a radiate growth of appressed mycelium is formed, suggesting 
a common type of fruit blotch, and separate pycnidia appear throughout 
the colony. These are quite like the pycnidia formed in fruit blotches 
and twig cankers and are not like the sterile thick-wall pycnidia referred 
to by Guba (6) as pycnosclerotia. Photographs of cultures of PhyllosUota 
soUtariay showing types of colony formed in rich and in dilute media, are 
reproduced in figure 1. 


Fig. 1. Colonies of Phyllosticta solitaria. A. On S/1 potato-dextrose agar. B. 
On S/10 potato-dextrose agar. White dots in B are masses of pycnospores oozing from 
pycnidia. 

The results of an experiment on quantity of food are shown in table 2. 
Potato-dextrose broth of the formula given above was taken as the standard 
and is designated in the table by the symbol S/1. This standard broth was 
diluted to *1, etc., its original strength by means of distilled water. These 
dilutions are shown in the table by the symbols S/2, 8/4, etc . All the 
broths were solidified with 2 per cent agar. 

In recording the occurrence of pycnidia it was found convenient to use 
a system of notation like that of Coons (4), but with slightly different 
values. In this and the following tables the symbol 0 indicates the absence 
of pycnidia from a culture ; + indicates • the presence of from 1 to 25 
pycnidia, ++ from 25 to 50,- -H-4- from 50 to 100 ; i4-M- 100 or more. As in- 
dicated earlier, all cultures were made in duplicate, each count, therefore, 
represents the average count of 2 cultures. Where, instead of separate 
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TABLE 2. — Effect of different concentrations of potato-dextrose medium on pyc- 
nidium formation and sporulatio7i of Phyllostict a solitaria 


Experiment 1 

Culture 

Concentration 

Pyenidia 

Spores 

Culture 

Concentration 

Pyenidia 

Spores 

168 

S/1 

Cr 

+(f) 

218 

S/64 

444 

4 


S/2 

Cr 

4- 


S/128 

4- 

■f 


S/4 

+ 4- + + 

4- 


S/256 

0 

0 


S/8 

+ + + 4- 

4 

219 

S/1 

Cr 

+ (t‘) 


S/16 

4- 4- 4* 4- 

4- 


S/2 

Cr 

4 ■ 


S/32 

4.4- + 4- 

0 


S/4 

Cr 

+ 


S/64 

0 

0 


S/8 

4444 

4 


s /128 

0 

0 


S/16 

4444 

+ 


S/256 

0 

0 


S/32 

4444 

4 

216 

S/1 

Cr 

4- 


S/64 

444 

+ 


S/2 

Cr 

4 


S/128 

0 

0 


S/4 

Cr 

4- 


S/256 

0 

0 


S/8 

4-44- 4- 

4- 

230 

S/1 

Cr 

0 


S/16 

4- 4- 4- 4- 

4 


S/2 

Cr 

4 


S/32 

4, 4- 4. 4. 

4- 


S/4 

Cr 

-1- 


S/64 

4-4-4- 

4 


S/8 

4444 

4 


S/128 

+ 

4 


S/16 

4444 

4 


S/256 

0 

0 


S/32 

4444 

4 

217 

S/1 

Cr 

■f(f) 


S/64 

44 

4 


S/2 

Cr 

0 


S/128 

0 

0 


S/4 

Cr 

4- 


S/256 

0 

0 


S/8 

4- + 4-4- 

4- 

231 

S/1 

Cr 

4 


S/16 

4“ 4- 4- 4- 

4 


S/2 

Cr 

4 


S/32 

+ + + + 

4 


S/4 

Cr 

4 


S/64 

4-4-4- 

4- 


S/8 

+ 44 4 

+ 


S/128 

0 

0 


S/16 

4 4 4 4 

4 


S/256 

0 

0 


S/32 

444 

4 

218 

S/1 

Cr 

+(f) 


S/64 

44 

-F 


S/2 

Cr 

.4- 


S/128 

0 

0 


S/4 

Cr 

4- 


S/256 

0 

0 


S/8 

4- 4-4-4- 

4- 






S/16 

4- 4-4-4- 

4- 






S/32 

4-4.44. 

4- 






Experiment 2 


166 

8S 

Cr 

0 

232 

S/2 

+ + + + 

4 


4S 

Cr 

0 


S/4 

4444 

4 


2S 

Cr 

+(t) 


S/8 

4 4 4 4 

-f 


S/1 

Cr 

+(f) 


S/16 

4 4 4 

4 


S/2 

Cr 

0 

241 

8S 

Cr 

0 


S/4 

4 + 44 

-h 


4S 

Cr 

4' 


S/8 

4 + 44 

4 


' 2S 

Cr 

-f 

232 . 

S/16 

4 

4 / 


S/1 

Cr 

0 

8S 

Cr 

+(f) 


S/2 

4444 

4 


4S 

■ Cr 

4 


S/4 

4 444 

0 


2S. 

. Cr 

Hi) 


S/8 

4 4 44 

4 


S/1 

Cr 

' 4' 


S/16 

4444 

4 


pyenidia, the sclerotial crust described above was formed, that fact is in- 
dicated in the tables by replacing the plus marks by the symbol Cr. Pres- 
ence or absence of spores is indicated by the symbols 4 - and 0, respectively. 
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In cases where only a few of the pycnidia in a culture bore spores (instead 
of nearly all the pycnidia, as was the usual case) this fact is indicated by 
the letter f in parentheses following the plus sign. 

A second experiment in which the concentration of potato-dextrose 
broth was varied between limits of 8 times the usual strength and iV the 
usual strength is reported in table 2. 

Examination of the results shown in table 2 indicates that the range of 
food concentration that will allow growth of Phyllosticta soUtaria in cul- 
ture is wider than the range for sporulation. As the food concentration is 
increased beyond that which allows only mycelial growth separate spore- 
bearing pycnidia occur in the cultures. With further increase in concen- 
tration these pycnidia become more numerous until their identity is lost 
and the attendant increase in mycelial growth results in the formation of 
the so-called ^‘sclerotial crust.’’ The pycnidia occurring in this crust may 
bear spores, but further increase in food concentration leads to reduction 
and even complete inhibition of spore formation. 

It was impossible to estimate accurately the difference in amount of 
mycelial growth in these experiments. Mycelium in the more dilute media 
is very scanty, appressed, and often partly submerged. In the highest 
concentrations it is thick and piled up. The difference in volume of 
mycelium between the extremes is very large and a measurement of the 
radial spread of the colony would leave this difference out of account. In 
fact, the only consideration given to mycelial growth in these studies w^as 
that necessary to the final choice of a medium that would allow growth 
sufficiently vigorous to produce a large number of separate spore-bearing 
pycnidia. For example, it was decided after examination of the cultures 
in the 2 experiments just described that a convenient concentration of potato- 
dextrose broth that would allow sufficient growth, formation of separate, 
scattered pycnidia, and abundant sporulation would be that of the usual 
strength. Consequently, S/IO potato-dextrose agar has been used in further 
experimentation whenever a potato-dextrose medium was desired. 

A similar effect of the concentration of food was found with apple- 
bark decoction agar. The bark decoction was prepared by boiling 50 gm. of 
bark from young apple twigs in a convenient quantity of water for 20 
minutes, allowing the water to stand on the bark overnight, then, adding 
water to the filtered decoction to make a volume of 1,000 cc. The effect 
of bark decoction in standard strength and in various dilutions on sporula- 
tion is shown in table 3. Subsequent use of S/5 bark-decoction agar showed 
it to be a very favorable medium for the production of separate pycnidia 
and for sporulation. 

An even narrower range of food concentration permitting sporulation 
was found with Richards’ solution modified by substituting dextrose (1%) 
for the sucrose (5%) of that solution. This modified Richards’ solution 
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was used in standard strength and diluted. The results of this experiment 
also are shown in table 3. This did not seem to be a favorable medium for 
Phyllosticta solitaria in any strength and was not used further. 

EXPERIMENTS INVOLVING BOTH QUALITY AND QUANTITY OP FOOD 

The above series of experiments had shown that 2 media, S/10 potato- 
dextrose agar and S/5 bark-deeoction agar, favored growth and sporulation 
of Phyllosticta solitaria. Since the composition of such media is unknown, 
and, at best, must be somewhat variable, it seemed desirable to devise a 
medium of known composition that could be relied on to induce formation 
of pycnidia and spores. It was decided to use as a basis for this experi- 
mentation a medium found by Coons (4) to be favorable for growth and 
sporulation of Plenodomus fuscomaculans. Since it was thought probable 
that dextrose would be a favorable source of carbon for Phyllosticta 
solitaria^ as it is for fungi in general, and since it is cheaper than maltose, 
the former sugar was used. 

Coons’ medium, KNO3 2 gm., KH2PO4 2.7 gm., MgS04 1.25 gm., water 
1,000 cc., was prepared with the following concentrations of dextrose .* 2 
per cent, 1 per cent, 0.5 per cent, 0.2 per cent, 0.1 per cent, and each solution 
was solidified with agar (Table 3). Two of the cultures (166 and 342) 
used in this experiment were known to sporulate consistently, 2 (217 and 
237) were believed to be nonsporulators, and a fifth culture (247) was some- 
what variable in performance. The same or a similar set of cultures was i 
used in many of the following experiments. | 

It is evident from a study of table 3 that Phyllosticta solitaria reacts 
readily to quantity of carbon (supplied as dextrose) in the medium. The 
behavior of culture 166 is not fully shown in the table, since the quantity 
of spores produced (number of sporulating pycnidia) in 2 per cent dextrose 
was very small, and increased as the series descended. It was concluded 
that a suitable quantity of carbon for the needs of this fungus would be 
that furnished by a 0.10 per cent concentration of dextrose. 

A second experiment in which the salt fraction of Coons’ medium was 
reduced to yV standard strength and the dextrose concentration varied is 
reported in table 4. This, again shows the desirability of a low concentra- 
tion of dextrose and indicates the further possibility that some or all of 
the salts might be used in lower concentration. Further experiments were, 
therefore, conducted to learn the most favorable concentrations of the , 
various salts. | 

The results of an experiment in which the potassium nitrate content of 
the Coons’ medium was varied and dextrose concentration kept at 0.10 
per cent are shown in table 5. Sporulation was quite as good when the 
potassium nitrate was used in a concentration of 0.31 gm, per 1,000 cc. as 
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TABLE A.—Bffect of different concentrations of dextrose in S/10 Coons’ medium 
on pycnidium formation and sporulation of I^hyllosticta solitaria 


Culture 

Coneentration 
of dextrose 

Pycnidia 

Spores 

166 

JPer cent 

2 

Cr 

0 


1 

Cr 

0 


0.5 

Cr 

0 


0.2 

Cr 

+ 


0.1 

+ 

0 

217 

2 

Cr 

0 


1 

Cr 

0 


0.5 

Cr 

0 


0.2 

Cr 

0 


0.1 

+ 

0 

237 

2 

Gr 

0 


1 

Cr 

0 


0.5 

Cr 

0 


0.2 

+ + + + 

0 


0.1 

+ 

0 

247 

2 

Cr 

0 


1 

Cr 

0 


0.5 

Cr 

0 


0.2 

Cr 

0 


0.1 

+ 

+ 

342 

2 

+ + + + 

0 


1 

+ + -I- + 

+ 


0.5 

+ + + + 

+ 


0.2 

+ + + + 

+ 


0.1 

+ + + + 

+ 


when the medium contained 2.5 gm. per 1,000 cc. There is some indication 
that a concentration of 5 gm. of potassium nitrate per liter tends to sup- 
press sporulation. Growth differences were not significant, somewhat the 
best growth being made in the cultures containing 1.25 gm. KNO 3 per 1,000 
cc., but good growth occurred in the lowest concentration employed. In 
Yiew of the general principle that lower food concentrations tend to favor 
sporulation, a concentration of 0.5 gm. KNO 3 per 1,000 cc. was chosen as 
convenient and probably favorable. 

The next medium was made as follows: KNO 3 0.5 gm., MgSO^ 1.25 gm., 
dextrose 1 gm., agar 20 gm., water 1,000 cc., and the concentration of 
KH 2 PO 4 was varied. The results of this experiment are shown in table 6 . 
Cultures 217 and 237, which seemed to be consistent nonsporulators, were 
replaced in this experiment by 2 others, 1 of which (299) was known to 
produce spores. Culture 166 was originally included, but the series became 
contaminated. 
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TABLE 5 . — Effect of different concentrations of KNO^ in modified Coons’ medium 
{containing 0.1% dextrose) on pycnidium formation and sporulation of Phyllosticta 
solitaria 


Culture 

Concentration of 

KNO 3 in gm. 
per liter 

Pyenidia 

Spores 

166 

5 

+ + + + 

0 


2.5 

+ + + + 

+ 


1.25 

+ + + + 

■■ . + 


0.63 

+ + + + 

-f 


0.31 

+ + + + 

+ 

217 

5 

+ + + + 

0 


2.5 

+ + + + 

0 


1.25 

+ + + + 

0 


0.63 

+ + + + 

0 


0.31 

+ + + + 

0 

237 

5 

+ + + + 

0 


2.5 

+ + + + 

0 


1.25 

+ + + + 

0 


0.63 

+ + + + 

0 


0.31 

+ + + + 

0 

247 

5 

+ + + + 

0 


2.5 

+ + + +• 

4. 


1.25 

+ + + + 

0 


0.63 

+ + + + 

4. 


0.31 

+ + + + 

+ 

342 

5 

+ + + + 

+ 


2.5 

+ + + + 

+ 


1.25 

+ + + + 

0 


0.63 

-f + + + 

4 


0.31 

+ + + + 

+ 


It appears from a study of this table that concentration of KH2PO4 is 
not so important as that of KNO3 or of dextrose. It can be varied within 
rather wide limits without greatly affecting the behavior of the fungus. 
Since a concentration of 1.25 gm. KH2PO4 in 1,000 cc. of medium allowed 
good growth and sporulation, this concentration was chosen for the new 
medium. It seemed desirable to keep the concentration of KII2PO4 above 
that of the other salt constituents for two reasons: the demand of fungi 
for phosphorus is known to be comparatively high and the use of acid 
phosphate tends to produce an acid reaction in the medium. 

It remained to determine the proper amount of MgS04 for this new 
medium. The results of an experiment designed to discover this are shown 
in table 7. The fungus did not seem to react markedly to changes in MgS04 
concentration within the limits of the experiment. In keeping with the plan 
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TABLE 6— of different concentrations of KM in modified Coons^ 
medium (contaming 0.05% KNO^j 0.1% dextrose) on pijenidiim formation and sporula- 
tion of Phyllosticta solitaria 


Culture 

Coixcentratiou of 
KH0PO4 iu gm. 
per liter 

Pycnidia 

Spores 

166 

5 + + -!- + 

(Remainder of series contaminated) 

0 

231 

5 

+ + + 

0 


2.5 

4- -f + + 

0 


1.25 

+ 4 

0 


0.63 

+ 

0 


0.31 

+ 

0 

247 , 

5 

+ 44 + 

Hi) 


2.5 

+ 4 + 4 

4 


1.25 

+ 4 + 4 

0 


0.63 

+ 4 + 4 

4 


0.31 

+ 4 + 4 

0 

299 

5 

+ + + + 

4 


2.5 

4 4 4 4 

4 


1.25 

4 + 44 

4 


0.63 

4 + 4 

T 


0.31 

+ 44 

4 

342 

5 

4 4 4 4 

+ (f) 


2.5 

4 + 44 

+(f) 


1.25 

+ 4 + 4 

4 


0.63 

4 4 + 4 

4 


0.31 

+ 4 + 4 

4 


to have the total food eoneentration low, a concentration of 0.75 gm. 
MgSO^ was chosen as convenient. 

The new medium, hereafter referred to as the K.U. medium, is con- 
stituted as follows: KNOs 0.5 gm., KH 2 PO 4 1.25 gm., MgS 04 0.75 gm., 
dextrose 1 gm., water 1,000 cc. When 2 per cent agar is added this 
medium allows good growth and sporulation. Its acidity is pH 5.2 to pH 
5.4 This, as will be showm later, is a favorable degree of acidity for the 
fungus in question. 

It was, of course, not known whether any one salt was present in this 
medium in exactly the best amount nor whether the physiological balance 
between the various constituents was ideally realized. A series of cultures 
was, therefore, made according to the triangle system well known in plant 
physiology. The concentration of each salt was varied between limits of 
0.25 gm. and 2.00 gm. per 1,000 cc. with intervals of 0.25 gm. between ad- 
jacent cultures. Each culture was made in duplicate and 5 sporulating 
strains of PhyllosUcta solitaria were used. The results of this experiment 
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TABLE 7. — Effect of different concentrations of MgSO^in modified Coons^ medinm 
(^containing 0.05% KNO:if 0,125% 0.1% dextrose) on pycnidium formation and 

sporulation of Ehyllosticta solitaria 


Culture 

Coucentration of 
MgS 04 in gm. 
per liter 

Pycnidia 

Spores 

166 

2.5 

+ + + + 

■ '■ 4''' ■ 


1.25 

+ 44 + 

+(f) 


0.63 

+ + + + 

+(f) 


0.31 

f 

4 

231 

2.5 

4444 

0 


1.25 

4444 

0 


0.63 

4444 

0 


0.31 

44 4 4 

0 

247 

2.5 

4444 

0 


1.25 

44 4 4 

0 


0.63 

4444 

0 


0.31 

44 4 4 

0 

299 

2.5 

Cr 

4 


1.25 

4444 

+ 


0.63 

4444 

4 


0.31 

44 44 

0 

342 

2.5 

44 4 4 

4 


1.25 

4444 

4 


0.63 

4444 

4 


0.31 

4444 

4 


showed that best sporulation occurred when the coneentrations of the 
various salts per 1,000 cc. were as follows : 


A. KNO3 0.50 gm. KH2PO4 1.25 gm. MgSO^ 0.75 gm. 


B. 

< ( 

0.25 “ 

i 6 

1.25 “ 

“ 1.00 

CC 

G. 

i c 

0.25 “ 

( ( 

1.00 “ 

“ 1.25 

ct 

D. 

( c 

0.25 “ 

i ( 

0.75 “ 

“ 1.50 

c< 

B. 

(C 

0.50 “ 

C C 

0.50 “ 

“ 1.50 

Ci 


This would indicate that a satisfactory medinm for the purpose desired 
might contain: KNO3 0.25 to 0.50 gm., KPIgPO^ 0.50 to 1.25 gm., MgSO^ 
0.75 to 1.50 gm., water 1,000' ce. 

SOURCES OF NITROGEN FOR PHYLLOSTICTA SOLITARIA 

Although the K.TJ. medium described above is entirely satisfactory for 
growth and sporulation of Phyllosticta solitaria^ it seemed advisable to in- 
vestigate other possible sources of nitrogen and carbon. 

The first experiments were designed to test the availability of asparagin 
as a nitrogen source as opposed to potassium nitrate. For this purpose a 
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medium devised by Brown (2) and intended to approximate the constitution 
of potato-dextrose agar Avas used. The salt constituents of this medium are 
as follows : asparagin 2.0 gm., K3PO4 1.25 gm., MgSO^ 0.75 gm. per 1,000 
ee. In 1 experiment this medium was used as just given and the dextrose 
concentration was varied as follows : 2 per cent, 1 per cent, 0.5 per cent, 
0.2 per cent, 0.1 per cent. In this series of cultures growth was slow and 
restricted in amount and, except in the lowest concentration of dextrose, 
consisted in a thick, piled-up sclerotial crust, such as had been found in 
previous experiments when excess food was present. Sporulation occurred 
in all cultures but separate pycnidia formed only in the cultures containing 
0.1 per cent dextrose. 


TABLE 8, — Effect of different concentrations of asparagin in Brownes medium 
(containing 0.1% dextrose) on growth and sporulation of Phyllosticta soUtaria 


Culture 

Concentration of 
asparagin in gm. 
per liter 

Pycnidia 

Spores 

231 

2.0 ■ 

0 

0 


1.0 

0 

0 


0.5 

0 

0 


0.2 

+ 

0 

- , 247 

2.0 

Cr 

0 


1.0 

Cr 

0 


0.5 

+ 

0 


0.2 

+ 

0 

299 

2.0 

Cr 

0 


1.0 

Cr 

0 


0.5 

+ + + + 

+ 


0.2 

+ + + + 

+ 

342 

2.0 

0 

0 


1.0 

0 

0 


0.5 

0 

0 


0.2 

+ + + + 

+ 


In a second experiment (Table 8) tlie dextrose concentration was kept- 
at 0,1 per cent and tbe concentration of asparagin w^as varied. The sup- 
pression of sporulation by excessive concentrations of asparagin is evident. 
But, even in the lowest concentrations, mycelial growdh was restricted. It 
was concluded that no modification of Brown’s medium would be particu- 
larly suitable for Phyllosticta solitaria. 

In a further experiment (table 9) potassium nitrate of Coons’ medium 
was replaced by other nitrogen compounds. The amount of each compound 
used was such as to supply as much nitrogen (0.28 gm. per liter) as that 
contained in the 2 gm. per liter of pota'ssium nitrate in the original Coons’ 
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TABLE 9 . — JEffect of different sources of nitrogen in modified Coo7is^ 7nediuin on 
pycnidium formation and sporulation of Fhyllostict a solitaria 


Culture 

Source of N 

Pyenidia 

Spores 

166 

KNO, 

4- + + 4- 

, ^ 



+ + + + 

0 


(NH 4 )oSO, 

+ + + + 

4 


NH,C 1 

+ + + + 

+(f) 


Ammonium acetate 

0 

0 


^ ^ oxalate 

No growth 

No growth 


Asparagin 

+ -i- + + 

0 


Albumen 

+ + + + 

4 


Peptone 

+ + + + 

0 

231 

KNO 3 

+ 4 + + 

' ■ .+ ■ . 


NH4lSr03 

+ 4 + 4 

0 



4 4 4 4 

0 


NH 4 C 1 

4 4 4 4 

0 


Ammonium acetate 

4 + 4 4 

0 


^ [ oxalate 

No growth 

No grow+h 


Asparagin 

+ + + + 

0 


Albumen 

4444 

0 


Peptone 

4 4 4 4 

0 

247 

KNO 3 

4444 

4 


NH 4 NO 3 

0 

0 



0 

0 


KH 4 CI 

0 

0 


Ammonium acetate 

4 4 4 4 

0 


oxalate 

No growth 

No growth 


Asparagin 

0 

0 


Albumen 

+ 4+4 

0 


Peptone 

4 4 4 4 

0 

299 

KNO 3 

4444 

, 4 ' ■ 


NH 4 NO 3 

4444 

0 



4 4 + -I- 

0 


E'H 4 C 1 

4 4 44 

0 


Ammonium acetate 

. Cr 



^ ^ oxalate 

No growth 

No growth 


Asparagin 

4 44 + 

4 


Albumen 

4 + 44 

■ ■ 4 , 


Peptone 

4+44 

■ ..+ ■■ 

342 

KNO 3 

4 + 44 

■■■' + 


NH 4 NO 3 

4 4 4 4 

+ (f) 


(NH4)3S04 

4 + 4 + 

4- , 


NH 4 C 3 

+ 4 + 4- 

, + . • 


Ammonium acetate 

Cr 

0 


oxalate 

No growth 

No growth 


Asparagin 

■ Cr 

0 


Albumen 

4444 

4 " ■ 


Peptone 

■ Cr ' ' 

0 


medium. Of the various compounds tried potassium nitrate seemed to be 
most favorable to sporulation, with albumen next, xisparagin and peptone 
seemed somewhat less favorable and the other compounds distinctly unfa- 
vorable. (In the case of compounds containing both nitrogen and carbon, 
parallel cultures without dextrose showed that none of these compounds 
furnished much available carbon for this fungus). 
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SOURCES OP CARBON FOR PHYLLOSTIOTA SOLITARIA 

The K.U/ mediiim descnbed above contains dextrose as a source of 
carbon. Coons (4) found maltose especially favorable for growth and 
pycnidium formation of Plenodomus fuscomaculans. It seemed desirable 
to compare these and other carbon compounds as to availability for Phyl- 
losiicta solitaria. 

In order to avoid concentration differences Coons used equiniolecular 
solutions of various carbohydrates. It seems that carbon-equivalent solu- 


T ABLE 10 . — Effect of different sources of carhon in K. V. medium on pycnidium 
formation and sporulation of Phyllosticta solitaria 


Culture 

Source of 0 

Pycnidia 

Spores 

Culture 

Source of C 

Pycnidia 

Spores 

166 

Arabinose 

+ + + -! 

4 


Maltose 

4 

0 


Xylose 

Cr 

0 


Lactose 

4 4 4 

4 


Bhamuose 

Cr 

0 


Raffinose 

44 

0 


Dextrose 

+ 

0 


Starch 

0 

0 


Mannose 

4- + + + 

+(f) 


Dextrin 

0 

0 


G-alactose 

-{- + +• + 

4 

299 

Arabinose 

4444 

0 


Levulose 

+ 

0 


Xylose 




Sucrose 

4- + + + 

4 


Rhamnose 

4 

0 


Maltose 

+ + + 4- 

0 


Dextrose 

4444 

4 


Lactose 

+ 4- 

0 


Mannose 

4444 

4 


Raffinose 

+ + 

0 


Galactose 

44 

0 


Starch 

4- + 

0 


Levulose 

4444 

4 


Dextrin 

+ 

0 


Sucrose 

4444 

4 

231 

Arabinose 

+ 4-4-4* 

0 


Maltose 

4444 

4 


Xylose 




Lactose 

444,4 

4 


Rhamnose 

4- . 

0 


Raffinose 

444 4 

4- 


Dextrose 

+ + + 4- 

0 


Starch 

4444. 

4 


Mannose 

4- 4" 4" 4" 

0 


Dextrin 

444 

4 


Galactose 

+ 4- 

0 

342 

Arabinose 

4 

0 


Levulose 

4 + 

0 


Xylose 




Sucrose 

4 4 4 4 

0 


Rhamnose 

4 

4 


Maltose 

4444 

0 


Dextrose 

44 4 4 

4 


Lactose 

4444 

0 


Mannose 

44 4 4 

4 


Raffinose 

4 444 

0 


Galactose 

4444 

4 


Starch 

4444 

0 


Levulose 

444 

+ 


Dextrin 

44 44 

0 


Sucrose 

4 

4 

247 ' 

Arabinose 

Cr 

4(f) 


Maltose 

+ . 

0 


Xylose 




Lactose 

4 ■ . ■ 

0 


Rhamnose 

0 

0 


Raffinose 

■;4' 

4 


Dextrose 

4 4 44 

+ ■' 


Starch 

4 , 

0 


Mannose 

,.4444 

4 . 


Dextrin 


0 


Galactose 

' ' ■ '4 ' 







Levulose 


4' 






Sucrose 

44 4 4, 

4. ' ' 
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tions would be preferable. Since carbohydrates furnish carbon to the 
fungus, 2 solutions, to be comparable on the basis of food value, should con- 
tain equal weights of carbon per unit volume; and, in view of the well- 
known tolerance by fungi of differences in osmotic concentrations, the 
molecular concentration should, in fairly dilute solutions, be of secondary 
importance. For example : in a molecular solution of dextrose there are 
72 gm. of carbon per liter ; in a molecular solution of sucrose there are 
144:. In a 1 per cent solution of dextrose there are 40 gm. of carbon per 
liter, and in a 1 per cent solution of sucrose there are 42. To be strictly 
comparable, if 1 solution contains 1 per cent dextrose, the other solution 
should contain 0.95 per cent sucrose. Since the standard for comparison in 
these studies was a solution containing 0.1 per cent dextrose, sucrose and 
similar carbon compounds should have been used in a concentration of 
0.095 per cent. Practically, the difference between 0.1 per cent and 0.095 
per cent solutions would seem to be negligible. The procedure, therefore, 
was to add the different carbohydrates used in concentrations of 1 gm. 
per liter to the culture medium: KNO3 0.5 gm., KHgPO^ 1.25 gm., MgSO^ 
0.75 gm., agar 20 gm., water 1,000 cc. 

It is apparent (table 10) that a number of sugars will furnish available 
carbon for growth and sporulation of Phyllosticta soliiaria, a notable excep- 
tion being xylose. There seems to be little choice between dextrose, 
levulose, mannose, and sucrose. Mycelial growth was somewhat more 
vigorous on sucrose than on any of the others. Maltose does not seem to be 
a good sugar for this fungus. Not only did it inhibit sporulation, but it 
gave rise to a restricted growth of appressed and buried mycelium. Many 
of the pyenidia also were buried in the medium. 

INFLUENCE OP HYDROGEN-ION CONCENTRATION 

A series of cultures was prepared in which the initial hydrogen-ion 
concentration of the K.U. medium was varied by the addition of suitable 
amounts of lactic acid or of sodium hydroxide. This series ranged from 
pH 3.6 to pH 7.2, with intervals between each culture of 0.2 pH. Strains 
342 and 299 (good sporulators) were used and the whole series was run in 
duplicate. It was found that abundant formation of pyenidia and good 
sporulation occurred in all cultures from pH 4.2 to pH 5.8, inclusive. The 
remainder of the series, from pH 6.0 to pH 7.2, showed in some cases the 
formation of a sclerotial crust but in no case formation of pyenidia or 
spores. Mycelial growth of strain 299 was best at pH 5.4, of 342 at pH 
5.2. It is to be noted that this is the approximate hydrogen-ion concen- 
tration of the normal K.U. medium. 

INFLUENCE OP TEMPERATURE 

Guba (6) has studied the effect of .temperature on the time of appear- 
ance of growth and the time necessary for pycnidium (pycnoselerotium) 



First Experiment — Observations at end of 30 days Second Experiment— Observations at end of 20 days 
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formation by Phyllosticia solitaria. He states that the minimum tempera- 
ture for growth lies between S'" and 10° C., the optimum between 25° and 
30° C., and the maximum between 30° and 35° C. Pyenidia were formed 
at all temperatures at which growth occurred. 

In the experiments reported in table 11 the cultures were placed in a 
battery of temperature chambers modelled after those described by Living- 
ston and Fawcett (11), the cooling being accomplished by means of an 
electric refrigeration unit. 

The results of these experiments indicate that the minimum tempera- 
ture for growth lies betvreen 8° and 12° C. (Guba found that growth be- 
gan after 25 to 35 days in cultures held at 10° C.). The maximum tempera- 
ture for growth seems to lie between 33° and 35° C., and the optimum be- 
tween 26° and 29° C. The temperature range for sporulation is narrower 
than that permitting growth. One culture produced spores at 33° C., and 
1 at 18° C., but good sporulation of all cultures occurred only between 22° 
and 29° C. Although not clearly indicated, the optimum temperature for 
sporulation perhaps coincides with the optimum for growth. 

Phyllosticia solitaria seems to have rather high temperature require- 
ments for sporulation in culture. One is tempted to seek in this peculiarity 
of the fungus an explanation of the geographic distribution of apple blotch. 
This disease is less destructive in the northern part of its range and is ab- 
sent from the northern apple-growing regions. It was reported by Thomas 
(15) as present in New York in 1922, but did not become established. 
Judging from the temperature experiments reported here, a consecutive 
period of 480 hours (20 days) at approximately 70° F. will allow sporula- 
tion in culture. It would not be safe, however, to argue from this as to 
the minimum time and temperature required for sporulation in nature. 
Aside from the fact that the fungus in nature is growing on a different 
substratum, there is the possibility that the apple twig may have at times a 
temperature somewhat above that of the surrounding air, as shown by Ste- 
vens (14) for twigs of certain plants. Perhaps a study of the temperature 
requirements of this fungus for spore germination and infection may help 
to explain the failure of apple blotch to become established northward. It 
is well, however, to recall in this connection the opinion expressed by An- 
derson (1), who, from observation of the northward advance of apple blotch 
in Illinois, feels that it is only a matter of time until the disease becomes 
serious in northern localities. 

OCCUREEKCE OF SPORULATING STRAINS 

In the early part of this work, isolations were made from various sources 
and at various times of the year, and the fungus was grown on various 
media, principally potato agar (without sugar) and potato-dextrose agar. 
Of these early cultures 141 produced spores at some time or other ; 114 did 
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not. During the latter part of the work 30 cultures were specially tested 
as to sporulation on S/10 potato-dextrose agar, S/5 bark-deeoetion agar, 
Difco corn-meal agar, and K.U. agar. Twenty cultures produced spores on 
one or more of these media; 10 did not. In several of the experiments 
reported above there were included sporulating cultures, nonsporulating 
cultures, and weakly sporulating cultures. It is apparent from a reference 
to the tables that none of these cultures changed its character under the 
influence of any of the factors studied. It is quite evident that there are 
sporulating and nonsporulating strains of Phyllosticta solitaria. This fact 
may possibly account for the failure of other investigators to obtain sporu- 
lation in culture, though it is evident that in many eases these investigators 
were employing media too rich for good sporulation. 

Presumably both nonsporulating and sporulating strains might be se- 
cured from one parent-sporulating strain, but the only attempt made to do 
this was unsuccessful. A number of monospore isolations were secured 
from pycnidia produced in cultures 168, 247, 299, and 342, and the subcul- 
tures were tested on K.U. agar. They all produced spores. 

SALTATION IN CULTURE 

The appearance of light colored sectors devoid of pycnidia in the dark 
pycniditim-bearing cultures of Phyllosticta solitaria has been observed sev- 
eral times during the course of this work. Such sectors have usually arisen 
in cultures low in food materials or when the nutrients used have not been 
favorable to the development of the fungus. Transfers from such sectors 
have yielded light colored, nonsporulating cultures distinct from the parent 
type. Some of these saltants have preserved their character through sev- 
eral successive transfers to fresh media; others have reverted to the parent 
type after 1 or 2 transfers. This indicates that non-sporulating strains may 
arise from sporulating strains by saltation. Occasional loss of sporulating 
capacity has been observed in stock cultures kept in the laboratory over a 
period of years. It is thought that this may have come about through the 
accidental transfer of a nonsporulating saltant. On the other hand, many 
strains of the fungus have retained their capacity to sporulate after having 
been kept alive by mycelial transfer more than 6 years. 

AUTOLYSIS 

It has been observed that there is a favorable period for finding of spores 
in culture. Pycnidia with spores may generally be found in a culture 10 
days or 2 weeks old. Some time later autolysis sets in. Spores seem to be 
digested first, mycelium later and more gradually. Spores can never be 
found in very old cultures. The onset of autolysis is, of course, variable 
and is influenced by such factors as medium and temperature. In general, 
cultures 2 months old or older may not be expected to show spores. 
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VIABILITY OF SPORES FROM CULTURE 

A number of tests have shown the spores produced in enltnre to be 
viable. Spores from culture have been used for inoculating young, potted 
apple trees growing in the greenhouse. Such inoculations have resulted 
in production of typical apple-blotch leaf spots. 

DISCUSSION 

It will be apparent from the results of this study that the procedure for 
obtaining cultures of Phyllosticta solitaria yielding an abundant supply of 
spores is simple. It consists, first, in making a considerable number of iso- 
lations to insure that some of the strains secured will be capable of sporula- 
tion, next, in growing the fungus on a suitably dilute medium, such as S/10 
potato-dextrose agar, S/5 bark-decoction agar, or the K.U. agar described 
above. 

SUMMARY 

The apple-blotch fungus, Phyllosticta solitaria has been found to 
produce pycnidia and spores on a variety of media. 

Spore production in culture is not influenced by the locality from which 
the fungus is obtained, by the part of the host from which the fungus is 
isolated, nor by the time of year when isolations are made. 

The fungus sporulates equally well whether the cultures are kept in 
darkness or in the light. 

Solid media are more favorable to spore production than liquid media. 

Quantity of nutrient apparently exercises the greatest influence on 
spore production in culture. A too rich medium may inhibit sporulation ; 
one that is too lean may not support enough growth to allow sporulation. 
Potato-dextrose agar of the usual strength and bark-decoction agar of i 
the usual strength have been found favorable to the production of separate 
fertile pycnidia. 

By varying the concentration of the various constituents of Coons’ 
medium a medium favorable to sporulation has been obtained. This 
medium contains : KNO 3 0.5 gm., KHoPO^ 1.25 gm., MgS 04 0.75 gm., dex- 
trose 0.10 gm., agar 20 gm., water 1,000 cc. Its reaction is pH 5.2 to pH 5.4. 

The concentrations of the salt constituents are not important within cer- 
tain limits, and a favorable medium might contain : KNO 3 0.25 to 0.50 gm., 
KHsPO.^ 0.50 to 1.25 gm., and MgS 04 0.75 to 1.50 gm., per 1,000 cc. 

Of several compounds tested as sources of nitrogen for P. solitaria, 
potassium nitrate proved most favorable to growth and sporulation, albumen 
seemed next in value, with asparagin and peptone less favorable, and other 
compounds unfavorable. 

As sources of carbon, dextrose, levulose, mannose, and sucrose were 
found equally valuable. Maltose was found unfavorable to growth and 
sporulation, and xylose did not support growth. 
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On the synthetic medium described above the fungus was found to 
produce fertile pycnidia when the initial hydrogen-ion concentration was 
between pH 4.2 and pH 5.8. 

The following are the cardinal temperatures for growth of P. soUtaria 
in culture: minimum between 8^ 0. and 12*" C., optimum between 26° C., 
and 29° C., maximum between 33° C. and 35° C. The temperature range 
favorable to sporulation lies between 22° C. and 29° C. It does not seem 
possible to find in these temperature relations of the fungus any explanation 
of its present distribution in nature. 

When many isolations of P. soUtaria are made both sporulating and non- 
sporulating strains are found. It has not been possible to induce sporulation 
in nonsporulating strains. 

Nonsporulating strains arise from sporulating strains by saltation. 
Antolysis of mycelium and spores occurs in old cultures of P. soUtaria. 
Spores from culture were found viable and were successfully used in 
inoculation experiments. 

Department op Botany^ 

University OP 'Kansas. 
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GROWTH RELATIONS IN CULTURE OP THE COTTON-ROOT-ROT 
ORGANISM, PHYMATOTRICHUM OMNIVORUM 

E L I z A B E T H J A N E M 0 0 R E 
(Accepted for publication August 12, 1932) 

USTTBODUCTION 

Since infection is an expression of the equilibrium between host and 
parasite, the selection of resistant varieties must often depend on minute 
change of this balance. Quantitative inspection of this balance may show 
new factors or factor intensities that may be selected for building up 
varietal resistance. 

Since no varieties of cotton resistant to root rot, caused hj Phy mat o- 
trichum omnivorum (Shear) Duggar, have been recognized, this study has 
been undertaken in an effort to determine the eft'ect of resistance on the 
growth of the parasite and to record any variability of this effect in the 
cotton plant. 

HISTORICAL 

Monocotyledonous plants are considered immune from the attack of 
Phymatotrichum root rot, although King and Loomis (9), in 1929, reported 
active growth of the fungus on the tissue of monocots. In 1931, Ezekiel, 
Taubenhaus, and Fudge (4) reported an investigation of the nutritional 
requirements of the fungus. In 1932 the same workers (5) reported 
studies on the growth of this fungus in various plant juices and correlated 
this growth with the susceptibility and resistance of the plants to the dis- 
ease. Growth was measured by the dry weight of the hyphae developed in 
the juices, undiluted and diluted with distilled water or nutrient solution. 
In nondiluted autoclaved juices of resistant plants the growth was greatly 
inhibited, while growth in the juices of susceptible plants was abundant. 
On dilution of the juices of resistant species a good growth was secured. 
Monocotyledonous plants evidently contain some substances that, w^hen 
present in sufficiently large concentrations, inhibit the growth of the root- 
rot fungus. The resistance of the plants is at least partly based on the 
presence of these materials. 

The assumption may safely be made that growth activity varies with the 
vigor of the fungus and, as a consequence, offers a valuable means of deter- 
mining the effects of environmental conditions on host infection and sub- 
sequent fungus development. Numerous studies have shown that growth 
in fungus hyphae is apical. Reinhardt, according to Jost (2, pp. 5-6), in 
1856, showed that growth takes place largely at the tip of the apical cell, 
decreasing basally. The studies of Brown (3) showed typical sigmoid 
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curves for mycelial growtli, with an initial period of slow growth, a period 
in which maximum growth was obtained, and a constant period, declining 

with the accumulation of metabolic waste products. 

Smith (11 and 12) reported detailed studies on the growth of individual 
hyphae. By following the development of individual hyphae on inverted 
miniature plates, he showed that only apical growth occurred on the myeelia 
oi Boirytis cinerea Pers. ; that cells once separated from the apex showed 
no elongation. In each hypha the rate at which the tip advanced w-as not 
constant. In short, hyphae growth was very slow and increased with 
elongation up to 20 to 30 fold and finally decreased. This increase was 
considered to result from the increasing septal resistance to the transport 
of nutrients through the hypha and ultimately to result in branching. 
Branches show a sequence of growth rates similar to that of the parent 
hypha and reduce the rate of elongation of the latter. If the curve of the 
hyphal length was plotted against the time, it was concave to the time axis ; 
but, if the entire hyphal system w^as considered, a straight line resulted in 
most cases. 

Fawcett (6) showed that fungi exhibit no tendency toward senility if 
the staling of the media is prevented and that the rate of growth of the 
entire hyphal system remains constant for considerable periods. Haines 
(7 and 8), working with Sporotrichum carnis Brooks & Hansford, obtained 
the logarithmic curve typical of hyphal growth and pointed out that linear 
measurements are true representations of volume growth since, during the 
logarithmic period, the diameter is constant. With saprophytic Actino- 
myces the logarithmic curve of growth rates was also typical, the logarithms 
of the length plotted against the time giving a straight line. 

METHOD 

Cultures of strains 24 and 39 were secured from J. J. Taubenhaus and 
cultures grown from sclerotia obtained from the Temple and San Antonio, 
Texas, experiment stations. The stock cultures, w^ere maintained on potato- 
dextrose agar at 27 to 29° C. 

For observation a modified hanging-plate method was followed. Par- 
affin cells, 2 in. X 3 in., were attached to large microscope slides enclosed by 
a large cover slip, carrying the agar plate. 

A ruled cover slip was sterilized in a Petri dish, and a thin agar plate 
poured by introducing 1 cc. of the medium by means of a pipette. A wax- 
pencil line on the cover slip prevented the medium from flowing to the edge. 
A 4 mm. cube from the peripheral zone of an actively growing culture w^as 
used as inoculum. After 12 to 18 hours the inoculum was removed in order 
to reduce the complexity of the hyphal system. The plate was then in- 
verted over the cell, which had been sterilized by HgClg solution and rinsed 



1933] Moore: Phymatotrichum omnivorum 527 

ill sterile water, and sealed by running a bot spatula around tbe edge of 
tbe cell. On such a plate the fungus will remain in an actiwely growing 
condition for weeks. The cells were incubated at 27 to 29° C. and received 
no illumination except at the time of observation. The mycelia were 
observed and measured without disturbing the cell. 

Measurements of the hyphae were made by means of a Filar micrometer 
ocular at 2 to 8 hour intervals over varying periods. Both the parent 
hyphae and the entire hyphal system were recorded, the first measurement 
being taken as zero. Since elongation is purely apical, measurements were 
facilitated by use of the reference lines on the cover slips. 

A potato-dextrose medium (250 gm. potato steamed 1 hr. in 500 cc. dis- 
tilled water, 1 per cent dextrose and 2 per cent agar) was used as a stock 
and also as a standard for growth to compare with that on other media. 
Decoction media were prepared from various roots by steeping 1 gm. dry 
ground root in 200 cc. water for 1 hour, filtering, and adding 2 per cent 
agar. Eoot decoction was also added to potato dextrose in the same 
(1:200) ratio. All media were autoclaved at 15 lb. additional pressure 
for 20 minutes and remelted when desired in an Arnold steamer. 

EXPERIMENTAL RESULTS 

First experiments were made to establish a standard rate of growth of 
individual hyphae of Phymatotrichum under given cultural conditions. 
Potato-dextrose medium was chosen, since it is a favorable one for this 
fungus. Growth rates were established for strains 24 and 39 and for a cul- 
ture obtained from a selerotium. The average growth, calculated from 
measurements made on 2 to 14 hyphae in each of these experiments, is re- 
corded in table 1 in the columns following the experiment numbers. The 
averages of all observations made on a given strain are shown in the final 
horizontal line of each division. These total averages are summarized in 
figure 1. 

It will be seen that strains 24 and 39 maintained a very similar rate of 
elongation and that the selerotium culture exhibited a growth rate of a 
much higher value. When it is remembered that these observations began 
12 to 18 hours after the inoculation of the plates and that growth was well 
under way, the short period of observation is thought to represent the 
growth rates under favorable cultural conditions. There appears to be lit- 
tle difference in the growth rates of strains 24 and 39 ; this can be seen not 
only in figure 1 but also from the final column of averages in table 1, in 
which both strains show considerable variability and a total average of 0.158 
and 0.146 mm. per hour, respectively. Since these averages include readings 
over a longer period than have been shown in figure 1, no significant dif- 
ferences in the growth rates of these strains appeared during the periods 



TABLE 1 . — Growth of individual hypliae and hyplial systems^ of Fhymatotrichtim omnivorum as 
grown on potato-dextrose agar, {Averaged from ^ to 14 hypJiae, Exception Experiment XIV ^ l liypha 
measured) 
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Fig. 1. Average rate of elongation of individual hyphae of Phynmtotrichiim 
omnivorum on potato -dextrose agar. 

of observation. In contrast to this, the sclerotial culture shows an average 
nearly 3 times that of strains 24 and 39. This culture may be regarded as 
more vigorous than 24 and 39, although it is more probable that prolonged 
culture on artificial media of the two strains has resulted in a considerable 
decrease in vigor. 

In order to test the effects of decoctions of dried roots on the growth of 
Phymatotrichum, a preliminary study was made, using potato dextrose in 
comparison with a decoction of dried ground cotton root plus 2 per cent 
agar. Two concentrations of decoction were made, 1 : 100 and 1 : 500. 
Average rates per hour shown by strain 24 were potato dextrose, 0.161; 
cotton-root decoction 1 : 100, 0.283 ; and 1 : 500 decoction, no growth. For 
further study a concentration of 1 : 200 or less was used. The averages 
obtained from 2 to 12 hyphae are given in table 2. The decoctions were of 
cotton and corn roots, the former plant being highly susceptible and the latter 
resistant to this disease in the field (13, 14). 

It will be seen that strain 24 in experiments XI and XII showed an 
average growth rate of 0.099 and 0.157, giving a general average of 0.128. 
A similar average for a somewhat longer period gave a growlh rate of 0.077 
on the corn-root-decoction medium. If these rates are compared with the 
rate on potato dextrose (0.158), it wall be seen that neither decoction 
medium was so favorable for ^owth and that the growth rate in corn-root- 
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decoction mediiim was tlie lowest. If the growth rates at the end of 24 
hours are computed from figures in tables 1 and 2, we have, as values for 
equal experimental periods, 0.225, 0.133, 0.147 for the cotton-, corn-, and 
potato-dextrose media, respectively. For this period growth on cotton- 
decoction medium is above that on potato-dextrose and corn-root decoction, 
while the difference between the growth on the latter 2 is considerable. 
Cotton-root-decoction medium is at least as favoi-able for the growth of 
strain 24 as potato dextrose and more favorable than corn-root-deco ction 
medium. Computations of growth rates for strain 39 give 0.92, 0.061, and 
0.146 for decoctions of cotton and corn roots and potato-dextrose medium. 
At the 24-hour period the values are 0.194, 0.076, and 0.137, respectively. 
For strain 39 the average growth rate during the 24-hour period and the 
longer experimental periods shows the same relationship ; in decreasing 
order, cotton-root decoction, potato-dextrose, and corn-root decoction. The 
values show somewhat less variability than those obtained for strain 24. 
Corn-root-deeoction medium was relatively less favorable than for the pre- 
ceding strain, the growth rate on corn-root-decoction medium compared to 
that on potato dextrose being 89 per cent and 55 per cent for strains 24 
and 39, respectively, at the 24-hour period. 

From these experiments it is not evident whether the unfavorableness 
of the corn-root decoction is to be attributed to toxic substances or to a defi- 
ciency of nutrients available to the fungus. Succeeding experiments were 
carried out with freshly made decoctions of a concentration of 1:200. 
This liquid replaced the water in the usual potato-dextrose formula. Aver- 
ages of results are given in table 3 and the curves of the values from 
experiment XIV are shown in figure 2. 

It will be seen that corn-root decoction shows consistently the lowest 
growth rate, and cotton the highest. The average growth rates indicate 
the same relation, giving values for cotton, potato dextrose, and corn of 
0.345, 0.102, and 0.015, respectively. Growth of hyphae on corn-root 
media developed a very distorted growth characterized by misshapen 
branches, or all growth ceased and the cells were plasmolyzed. 

It is evident that even in the presence of an abundant supply of nutri- 
ents, corn-root decoction is an unfavorable medium for the growth of 
Phymatotrichum and that cotton-root decoction is highly favorable. The 
growth rate on potato-dextrose-eom-root-decoction medium is but 14 per 
cent of that on potato-dextrose medium, both media offering the identical 
nutrient conditions. The fresh corn-root decoction shows a much greater 
effect than the stored material used in experiment X. 

Experiment XV was carried out with media that had been stored for 
3 days under sterile conditions before beginning work. Both 24 and 39 
were tested in these media and also in a fresh potato-dextrose-Turk’s Cap- 


TABLE d,-— Growth of hyphal systems of Phymatotrichmn omnivorum 07 i potato-dexto'ose plus root decoctions 
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Fig. 2. Average rate of elongation of individual hyphae of strain 39 on vari- 


ous media. 


root decoction, a plant nniqne among the Malvaceae in showing a high 
degree of immunity from root rot (1). In both strains, 24 and 39, the 
growth in cotton-decoction medium was less than that in potato-dextrose 
and very similar to that in corn-root decoction. Evidently a 3-day exposure 
under sterile conditions had largely eliminated the toxic effects of the corn- 
root decoction as well as the favorable effects of the cotton-root decoction. 
The 2 strains of Phymatotriehum reacted very differently to the fresh 
Turk’s Cap-root decoction, 39 being unaffected and 24 markedly inhibited. 

The same media were cheeked 3 days later in experiment XVI (not 
shown in table 3) when the decoctions of cotton and corn roots had been 
exposed for 6 days under sterile conditions and the decoction of Turk’s 
Cap root 3 days. Strain 39 showed no significant difference in growth 
on the media, while strain 24 made poor growth on all the media. 

The growth rates of strains 24 and 39 and a sclerotial culture were 
observed on freshly made potato-dextrose, potato-dextrose-barley-root de- 
coction and wheat-root decoction. These monocots, like corn, are resistant 
to Phymatotriehum. The average values obtained are given in the final 
column, table 3. As in table 1, the sclerotial culture showed a much greater 
growth on potato dextrose than either 24 or 39, the average growth rates 
being 0.45, 0.125, 0.162 for the cultures in the order named above. "Wheat- 
root decoction was markedly unfavorable, the average growth rates for 
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sclerotial culture and strains 24 and 39 being 0.125, 0.033, 0.122, respec- 
tively. The average growth rates in potato-dextrose-wheat-root decoction 
were 27, 26, and 75 per cent of those obtained in potato-dextrose for the 
sclerotial culture and strains 24 and 39, respectively. Barley-root decoction 
with potato dextrose showed a variable result, with the average rate of 
growth in the order named above being 0.036, 0.09, and 0.261. Sclerotial 
culture and strain 24 showed but 70 per cent of growth in this decoction 
compared to that observed on potato-dextrose medium; in contrast to this, 
strain 39 exhibited a growth on the barley-root decoction neaidy twice that 
observed on potato-dextrose. The hyphae that grew on the decoctions of 
both wheat and barley roots exhibited the distorted hyphae previously 
described as those characteristically growing on the eorn-root-decoction 
medium. 

DISCUSSION 

It will be seen in the final column of table 1 that, although there is 
considerable variation in the growth rates of a single strain, no trend 
toward lower values is evident. Thus, the pure cultures that furnished 
the inoculum for experiment I were maintained by repeated transfers for 
6 months and used for experiment XXII. Although the growth rates for 
strain 24 fell from 0.22 to 0.125, the growth rate of strain 39 rose from 0.143 
to 0.162 ; the lowest observed values for both strains occurring during the 
progress of this work were followed by high values. Similarly, the sclerotial 
culture showed no decrease in growth rate during the progress of these 
experiments. It would seem that during this period there wms no decrease 
in vigor, as shown by the growth rate of any of the cultures. 

As measured by growth rate there seems little difference between strains 
24 and 39, the values for all experiments being 0.158 and 0.146, respectively. 
In contrast to this, the sclerotium culture showed a consistently higher rate 
of elongation. The difference in vigor of growth seems to be inherent in 
the different cultures, since it appears with different media and at different 
ages of the cultures. Although it is possibly modified by cultivation, the 
change is too slow to become evident in the present study. It isi to be noted 
that the greater growth vigor shown by the culture from the sclerotium 
did not depend on the nutritional value of the sclerotium, since it was 
present in the culture only when the original isolation was made. Since 
the observed rates of growth for the sclerotial culture were 2 to 4 times 
those obtained for either strain, it seems doubtful whether this difference in 
the growth vigor is sufficient to indicate anything more than degree of 
activity that could hardly be assumed to have the permanence of a strain. 
It is evident that this sclerotium culture may be a third and conspicuously 
active strain, but this seems improbable. On the other hand, the reactions 
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of the eiiltures under other nutritional conditions seem to indicate that 
there is a real physiological difference. 

All cultures show a decrease in growth vigor on potato dextrose 4 to 5 
days after inoculation. Since, at this time, the fungus colony was not 
sufficiently large for food to he a limiting factor, it seems apparent that 
there are present in the medium certain staling products of metabolism 
produced by the fungus. These may be either carbon dioxide, ammonia, 
or both; these compounds have an inhibiting effect on the growth of the 
fungus (10). 

In comparison with the growth rates obtained on potato dextrose, decoc- 
tions of cotton root proved a favorable medium. By the method of extrac- 
tion with the dry ground root steeped in water at 100'^ G. and later auto- 
claved at 120° C., it does not seem probable that the medium contained an 
appreciable amount of protein. In the absence of a chemical analysis, it 
seems probable that the constituents must largely consist of soluble carbo- 
hydrates and mineral matter with a small amount of fatty acids and their 
derivatives and of amino acids. The acceleration of growth on the cotton- 
root-decoction medium must be due either to the presence of more readily 
available nutritive materials or to growth-promoting substances. This de- 
coction medium is not favorable after aging, thus indicating that nutrient 
substances are not involved, since they would hardly disappear or oxidize 
to toxic substances during such a period. 

This view is supported by the results obtained with a medium of potato- 
dextrose-cotton-root decoction. Growth on such a medium was far above 
that obtained on potato dextrose alone. This acceleration of growth lasts 
in such a medium until it has aged for several weeks. 

A similar medium containing a decoction from corn roots was very 
toxic, causing a greatly distorted growth of the filaments and death. After 
this same medium had aged for several days, the growth rate on it equaled 
and in some cases excelled that on potato dextrose. This indicates the 
presence of certain labile water-soluble substances present in the roots of 
corn that are strongly toxic to the growth of the fungus. These substances 
in small quantities may act as a stimulant, as appeared in an experiment 
the results of which are shown in table 3. This is analogous to the stimu- 
lating effect of small doses of toxins on animals. 

Certain water-soluble toxic materials appear to be present in the roots 
of Turk’s Cap, and their action in causing the death of hyphae in contact 
with such a medium is similar to that observed in the corn-root-decoetioii 
medium. Whether these 2 roots contain similar substances that render 
them toxic to Phymatotrichum has not been determined, but it seems prob- 
able that this may prove to be the case. Decoctions of the same concentra- 
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tion of roots of barley and wheat had the same toxic effect, although it 
was not evident to the same degree in all cultures. 

Susceptibility and resistance in species tried is paralleled by the growth- 
promoting and growth-retarding substances closely associated with nutri- 
tive values. These substances are more or less labile in solution. Though 
similar in physiological reaction, they are not identical, as may be inferred 
from the different degrees of toxicity and permanence in solution. In 
effective concentrations the mycelia stop growing or develop short, distorted 
branches and the protoplasm becomes vacuolate and finally becomes plasmo- 
lyzed and killed. The reaction of the fungus in the presence of these toxic 
substances is that of a parasite to unfavorable conditions. The vigor with 
which the fungus grows in the presence of these toxic substances gives a 
means of measurement of the effectiveness of the host’s resistance to this 
parasite. The nature of these water-soluble substances present in the roots 
of resistant plants has not been determined, but it seems probable that they 
play an important role in establishing immunity. ‘Whether the resistance 
of immune plants is solely due to the growth-inhibiting substances effective 
in decoctions cannot yet be definitely stated. They seem adequate, at least, 
to account for the resistant characteristics of monocotyledons. 

Thus, it would seem probable that the rate of growth of hyphae of Phy- 
matotrichum on decoctions of roots varies with the resistance of the plant 
to the parasite. Knowledge of the resistance of various species and varie- 
ties to the attack of this organism would be of great economic significance. 

SUMMARY 

A given culture of PJiymatotriGhum omnivonm grows at a fairly con- 
stant rate on potato-dextrose agar. 

Different cultures vary in their vigor of grov/th on potato-dextrose agar. 

A recently isolated culture averaged 2 to 4 times the rate maintained 
by cultures grown on artificial media for long periods. ^ 

Extracts from cotton roots furnish sufficient nutrient materials to sus- 
tain growth of the fungus. Cotton-root extracts added to potato-dextrose 
agar greatly accelerate the rate of elongation. 

Extracts from corn roots when freshly prepared are strongly toxic to 
all strains of Phymatotrichum tested. Corn-root extracts in the presence 
of potato-dextrose agar have a similar effect on the fungus. Such water- 
soluble substances present in the roots of corn are labile but show a de- 
creased toxic effect when aged. 

Small doses of the toxins appear to be growth-stimulating. 

Extracts from the roots of Turk’s Cap, barley, and wheat all show a 
similar toxic effect but in varying degrees. 
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Evidently these water-soluble labile substances present in the roots of 
plants immune from the attack of Phymatotriehum have some part in 
establishing this immunity. 

Department op Botany and Bacteriology^ 

University OP Texas, Austin^ Texas. 
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A SPHACELOMA ATTACKING NAVEL ORANGE FROM BRAZIL 

Akka E. Jenkinsi 
(Accepted for publication July 30, 1932) 

INTRODUCTION 

The Washington Navel orange {Citrus sinensis Osbeck), an introduction 
from Bahia, Brazil (3, 5, 10, 11, 12), is of great commercial importance in 
the United States (10, 11) . In this country, together with other members 
of the C. sinensis group, it is highly resistant to or immune from attack by 
citrus scab (9, 14, 15), caused by Jenkins. 

The present paper reports a disease caused by Sphaceloma, severely 
affecting the Bahia^ Navel orange as grown in Sao Paulo, Brazil, together 
with studies leading to -the identification of the pathogen in this genus.^ 

MATERIAL STUDIED 

The specimens on which this study was based, contributed from Sao 
Paulo by E. E. Honey, consist of rind of ripe Bahia Navel orange fruits 
from Sorocaba (Fig. 1, A) collected on July 3, 1931, by F. S. Jose, and of 
rind of green fruits collected on Dec. 1, 1931, by C. B. P. Wright, at Limeira 
(Fig. 1, B), which is said (2) to be the most famous center of citrus pro- 
duction in the State. 

NAMES AND IMPORTANCE OF THE DISEASE IN SAO PAULO 

According to E. E. Honey, the disease of the Bahia Navel orange dis- 
cussed herein is referred to in Sao Paulo by the Portuguese names ^^ver- 

1 Thanks are due E. E. Honey, formerly of the Escola Superior de Agricultura 
'^Luiz de Querioz,^^ Piracieaba, Estado Sao Paulo, Brazil, for the specimens on which 
this study is based. For additional courtesies that have facilitated the work, acknowledg- 
ment also is made to others, among them P. H. Eolf s, Escola Superior de Agricultura e 
Veterinaria, Vi^osa, Minas Geraes ; H. S. Fawcett, of the Citrus Experiment Station, Uni- 
versity of California; P. H. Dorsett, H. B. Pulton, and W. T. Swingle, of the Bureau 
of Plant Industry, United States Department of Agriculture. 

2 The varietal name ‘ ^ Bahia ’ ^ as used in this paper or in any reference to the navel 
orange in Brazil relates to the variety of Citrus sinensis that is the original source of 
the Washington Navel orange of the United States. From plants of the Bahia variety 
that were introduced into the United States, the late William Saunders, Landscape Gar- 
dener and Superintendent of Gardens and Grounds ef the United States Department 
of Agriculture, budded the 2 trees that were introduced into California in 1873 and from 
which developed (3) what may be termed the ‘‘Washington selection’’ of this variety, 
now known as the “Washington Navel.” 

sBeference to this paper is made in the U. S. Dept. Agr., Bur. Plant Indus., Plant 
Disease Bptr. 16 : 119. 1932 (Mimeographed). 
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rucose^’ djidi ^‘sarna da laranga’’ as well as by the English name ‘^citrus 
scab.'’ In this paper it is referred to as ''navel-orange scab” (p. 6). 

B. E. Honey reports that in Sao Panlo navel-orange scab affects fruits 
of the Bahia Navel, often rendering them unmarketable, but that thus far 
the -disease has not been observed on leaves and stems. For example, in an 
orchard entirely of this variety in which most of the fruit was unmarketable 
because of the severity of the disease, no trace of it could be found on leaves 
and stems. Again, as examined in a nursery the leaves of this orange were 
unaffected by this disease, while the leaves of sour orange, Citrus auran- 
Hum L., were severely affected by what is possibly the common citrus scab. 

CUIiTURAIi STUDIES 

Tissue-culture isolations were made from the 2 specimens from Brazil. 
The Sphaceloma was slower in developing from the ripe fruits and few 
colonies were produced, but the cultures from the 2 lots of material were, 
otherwise, of essentially the same characteristics, as exemplified by figure 1, 
C and D. Compared in parallel cultures on test-tube slants of several dif- 
ferent kinds of agar media, with representative cultures of Sphaceloma 
isolated from Citrus from other sources, the Brazilian fungus was clearly 
the most distinct of all. It showed a general resemblance, however, to the 
other cultures. 

The 27-day-old cultures on wort (Fig. 1, C, D, L-P) and potato-dextrose 
(Pig. 1, E, Q-U) agar represent one of these eomparisons. Of the wort- 
agar cultures, C and I) are isolations from the Limeira and the Sorocaba 
specimens, respectively; L and M are from citrus grown in Florida. L (cul- 
ture 8 A. E. Jenkins) was isolated from rough lemon, Citrus limonia Osbeck, 
in 1916 by H. E. Stevens, and M from Tahiti lime, G. aurantifolia Sw., 
in 1925 by the writer. The Stevens culture was previously employed to 
illustrate the wrinkled or convolute type of growth in Sphaceloma fawcettii, 
and the culture from Tahiti lime, the smooth or pulvinate type of growth 
in this fungus (7). In the order named, the isolations shown in N-P are 
from the following sources: N, from rough lemon grown in New South 
Wales 0, from ealomondin, C. citis Blanco, in Formosa,® and P, from sour 
orange, in the Union of South Africa.® In the comparison are also included 
2 isolations of the Sphaceloma causing scab of avocado, Persea americana 
Mill., formerly confused (6) with 8 . fawcettii. One of these, shown in P 
on potato-dextrose agar and in H on wort agar, is from avocado grown in 
Florida and the other, shown in Q* on potato-dextrose agar and in I on 
wort agar, from avocado grown in the Union of South Africa.® 

4 Culture contributed by E. C. McCleery. 

5 Culture isolated by the writer from a specimen sent by G. Goto. 

6 Culture contributed by E. M. Doidge. 
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of BaMa Kavel orange from Sorocaba (A) and 
Comparison of navel-orange scab organism (0-D, 
on wort agar, and E, on potato-dextrose agar) with 7 other isolations of Sphaceloma, 
2 from avocado (F and G, on potato-dextrose agar, and H and I, on wort agar), and 
5 from citrus not grown in South America and not including Citrus sinensis (L-P, on wort 
agar, and Q-IJ, on potato-dextrose agar). All xl. For further explanation, see text. 

Comparison of eonidia of Sphaoeloma fawoettii (J) and of the Sphaeeloma caus- 
mg navel-orange scab (K). Both x300. T. Acervuli on lesion from specimen shown 

in B. x380. V. Photograph by J. F. Brewer; the other photographs by M L F. 
Foubert. 
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Figure 1, C and D, shows the abundant viscid covering that has thus 
far been present on wort-agar cultures of the Brazilian Sphaceloma, even 
when several weeks old. In this same set of wort-agar cultures, observed 
at the time the photograph was made and a few days later, the 2 cultures 
from citrus grown in Florida, particularly the one from Tahiti lime (Fig. 
1, M), as well as the Australian culture (Fig. 1, N), and one of the avocado 
cultures (Fig. 1, H) , also were covered with a viscid substance. In all cases, 
however, this was present in a much smaller amount than in the Brazilian 
cultures. As these cultures aged, those of the Brazilian Sphaceloma be- 
came much darker than here represented and were free from the viscid 
covering. When 7 weeks old they ranged from Buff y Citrine”^ through 
Buffy Olive to Medal Bronze. The potato-dextrose-agar cultures shown in 
E and Q-U correspond to those on wort agar shown in D and L-P. On this 
substrate the Brazilian fungus was distinguished from the other cultures by 
the Light Orange- Yellow of the outer part of the culture. Later, the Light 
Grayish Vinaceous central part of this culture became black, while the other 
isolations remained light colored. 

The cultures just described were, grown at room temperature. The 
same isolations were compared in parallel cultures on potato-dextrose-agar 
test-tube slants at constant temperatures of 0°, 5*^, 10*^, 20°, and 25° C. 
For these comparisons, as for those shown in figure 1, the transplantings, 
from stock cultures, were about 0.5 mm. in diameter. At these several tem- 
peratures the Brazilian culture was again separable from all of the other 
cultures. In all cases essentially the same amount of growth was produced 
at a given temperature. In month-old cultures there was no growth at 
0° C., slight growth at 5° 0., and maximum growth at 25° C. During this 
period none of the viscid substance was observed on any of the cultures, 
although later a small amount developed about the margins of the cultures 
from Brazil and Japan. 

Figure 1, J, illustrates eonidial formation from small mycelial masses 
of the Stevens culture from Florida, approximately 22 hours after trans- 
planted to corn-meal agar on glass slides. K represents a corresponding 
culture from the Sorocaba culture. As soon as made, the cultures were 
placed in Petri dishes lined with moist filter paper. It will be noted that 
the conidia in the Brazilian culture are of the same size or only slightly 
smaller than those of the Floridian, but that in the latter culture they are 
more abundant. In a similar set of equally old cultures, conidia were 
present in large numbers in both sets of cultures when first examined, but 
many of those of the Stevens culture had already become swollen or had 
germinated, while those of the Brazilian culture (Limeira isolation) were 

7 Color readings by J. Marion Slnxll, based on Bidgway, E., Color Standards and 
Color Nomenclature, 43 pp., 53 col. pis. Washington, D. C. 1912. 
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not noticeably so differentiated. Essentially the same conditions obtained 
when water was substituted for the agar medium. 

niSTEIBUTION AND CLASSIFICATION 

No definite record of the distribution of the Sphaceloma of the Bahia 
Navel orange outside of Sao Paulo is available. At Vigosa, Minas Geraes, 
as thoroughly examined in May, 1932, by P. H. Kolfs, who sent representa- 
tive specimens to the writer, this variety was scab-free, while lemon, Eang- 
pur lime. Citrus aurantifoUa, bittersweet orange, G. aurantkmiy and 
Satsuma, C, nolilis unshiu Sw., were severely diseased. 

In the State of Bahia, where it is believed (3) to have ^'originated as a 
sport, or mutation, upon a Seleeta orange tree,’' Citrus sinensis, the Bahia 
Navel is apparently free from scab. In the paper just cited, Dorsett, 
Shamel and Popenoe discuss orange-tree diseases as observed by them 
while making a study of the Bahia Navel orange in Bahia and elsewhere 
in southern Brazil in 1913--14. No scab is mentioned, and numerous photo- 
graphs of navel-orange fruits, including those published in the treatise 
just cited, are remarkably free from blemishes of any kind. In showing 
these photographs to the writer recently, Dorsett stated that he does not 
recall having seen scab lesions on Citrus while he was in Brazil during the 
period mentioned. Bondar (1, p. 70) has since reported scab in the State 
of Bahia on seeded oranges but not on the Navel. As of particular interest 
here, his discussion of the disease in this State, as well as those diseases in 
the South, is translated from the original as follows : 

The disease may be considered as one of the most virulent citrus diseases. 
In Brazil it is very common in the States of Bahia, Rio de Janeiro, and Sao 
Paulo. The species most attacked are those with seeds, and in the first 
place, sour orange, Seleeta, laranja de China {Citrus sinensis), lemon, 
pomelo, etc. The navel is not affected. It is not affected even when grafted 
on severely diseased sour-orange stocks. For this reason the disease is only 
of relative importance, since it affects only nurseries. Even so, it should 
be controlled. In the culture of seeded oranges, such as the Seleeta and 
others, in the States to the South, it is necessary to avoid the propagation 
of the disease and to eradicate it wherever it appears. On the orange tree, 
as on the sour orange, it affects leaves, stems and fruits. The fruits lose all 
commercial value. In the State of Rio de Janeiro, the Minister of Agri- 
culture has prohibited the entrance of any trees of the genus Citrus affected 
by scab.^ 

8 The original text from which the translation is made is quoted below : 

molestia pode considerada oomo uma das mais vimlentas no genero Citrus, No 
Brasil ella e muito commum nos JEstados da Bahia, Bio de Janeiro e 8. Baulo. As 
especies mais atacadas sao as de cargo, e em primeiro logar a laranja da terra, seleeta e 
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A Q^iiarantiiie niGasurej® dated as early as 1923, recognized tlie oceiirrenee 
of scab in the Federal District and the municipality of Nietheroy, in the 
State of Bio de Janeiro (13). 

It would hardly seem that the Sphaceloma of the Bahia Navel orange is 
identical with that affecting the common sweet orange in Bahia, for we have 
Bondar’s (1) explicit, twice-repeated statement that at Bahia where the 
common sweet orange is affected by scab the navel is immune. It is pos- 
sible that the scab of the sweet orange at Bahia is a form of the common 
citrus scab that has not yet attacked the navel. On the other hand, it is 
possible that scab of the sweet orange in Argentina, which G. L. Fawcett 
(4) states is distinct from citrus scab and is practically limited to fruits, 
may be the same disease as that of the Bahia Navel here reported. This dis- 
ease has been referred to recently as sweet-orange scab (8) . 

Because it is highly pathogenic on the Bahia Navel and is culturally 
distinct from Sphaceloma fawcetUiy which . it resembles, the Brazilian 
Sphaceloma is classified as a variety of that species, i.e,, var. viscosa?^ 
Additional studies^^ of Sphaceloma pathogenic on sweet orange other than 

da China, Umoeiro, pomelo, etc, A la/ranja de umbigo e indemne d esta molestiaA^ 
[p. 70]. 

^*A laranja de umbigo 4 imune d molestia. Mesmo sendo enxertada nos canallos da 
largnja da terra muito atacados, ella ndo apresenta manifestagdo algvma deste mal 
Devido a este facto a verruga, para a citricultura bahiana, tern uma importancia relatwa, 
prejudicando somente os viveiros, Nem por isso devemos descuidar de comhater o mah 

"‘Para a cultura de laranja de carogo como selecta e outras, cultivadas nos JEstados 
do Sul S de to da a necessidade evitar-se a propagagdo do mal e emprehender a extincgao 
onde elle se manifestar. Nos laranjeiras, como na da terra o cogumelo ataca as folhas, 
08 ramos e os fructos. As fructas doentes perdem todo valor commercial. Para o Estado 
do Bio de Janeiro 0 Ministerio da A gricultur a proMbiu a entrada e a sahida de qualquer 
arvore do genero Citrus, atacada por esta molestiaJ’ [p. 72-73.] 

9 This quarantine measure is quoted below: 

BBSOLVB, considerar sonos enfestadas pelo fungo Cladosporium citri Mass,, doenga 
das laranjeiras, cidreiras, etc., a JDistricto Federal e o Municipio de Nietheroy, no Estado 
do Bio de Janeiro, bem como gue fiquem nos alludidas 0 onas, prohibido o transit o e a 
export agdo de plant as acima mencionadas, sem o certificado de sanidade, passado pelo 
encarregado official do Servigo de Vigilancia Sanitaria Vegetal. 

Eio de Janeiro, 11 de Abril de 1923— Simdes Lopes. 

10 A technical description of this new variety is given as follows: 

Sphaceloma fawcettii var. viscosa n. var. 

Acervuli (Fig. 1, V) on orange rind, dark colored, in section nearly Old Gold, 
40 ±1 jx across, conidiophores 1-4 cells, 6-18 x 4-5 p, and conidia (only a few seen) 6 x 4 jx. 
Hyaline conidia produced in culture of same measurements or somewhat larger or smaller. 
In culture distinguished from the species, particularly by its predominantly Light Orange- 
Yellow coloration as grown on test-tube slants of potato-dextrose agar; by the per- 
sistent viscid substance it produces on this substrate and especially on wort-agar test- 
tube slants and also by its coloration in old wort-agar test-tube cultures, in 7-week-old 
cultures, ranging from Huffy Citrine through Huffy Olive to Medal Bronze. In com- 
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the Bahia Navel in South America will doubtless assist in determining 
further the relationships of the organism. The term navel-orange scab is 

proposed to designate the disease caused by /umcettii var. uiscosa. 

In the United States, Peltier and Prederieh (9), discussing the relative 
susceptibility of Butaceae to scab in 1923, said that "on the whole . . . the 
sweet-orange group with an occasional exception, is nonsuseeptible to scab.” 
No scab was observed on the Washington Navel orange in Alabama where 
Peltier and Prederich’s (9) studies extending over a considerable period 
were made. As a result of similar studies in Florida, Winston (14) and 
Winston, Bowman, and Bach (15) have reported essentially the same con- 
clusions. Winston, Bowman, and Bach (15) say that “the common or 
sweet orange of commerce ... is affected so rarely that for all practical 
purposes it may be eonsidered immune. A trace of scab has been observed a 
few times on each . . . Florida Seedling, Lue, Maltese, Mediterranean Sweet, 
Pineapple, and Washington Navel.” The fact that the sweet-orange group 
is essentially immune from scab in southeastern United States is an indica- 
tion that the sweet-orange disease or diseases just discussed are not dis- 
tributed there. 

parison with those of the variety, potato-dextrose-agar cultures of the species (culture 
8 A. 33. Jenkins) were Pale Grayish Olivaceous, and wort-agar cultures, more nearly Buff 
Pink. 

Distribution: On fruits of Bahia Navel orange (Citrus sinensis Osbeck), Sorocaba 
and Limeira, Sao Paulo, Brazil. 

Specimens and cultures examined: On Bahia Navel orange, Sao Paulo, Brazil, 
Sorocaba, July 3, 1931, E. S. Jos6, and Limeira, Dec., 1931, Carlos Wright; cultures 
345 and 356 A. E. Jenkins, isolated from the Sorocaba and Limeira specimens, respec- 
tively. Specimens and representative cultures, the specimen from Limeira designated 
as the type specimen, have been deposited in the Mycological Collections of the Bureau 
of Plant Industry, Washington, D. C. A living culture from the Sorocaba specimen 
(culture 345 A. E. Jenkins) has also been deposited in the Centraalbureau voor Schimmel- 
cultures, Baarn, Holland, where a living culture of culture 8, referred to above, has 
already been deposited. 

11 Several months after this paper was written, specimens of Sphaceloma on sweet- 
orange fruits from Argentina were sent by Gr, L. Fawcett and also on sweet-orange fruits 
and sour-orange leaves, from Sao Paulo, by C. P. B. Wright, Director, Service de Citricul- 
tura, Sao Paulo. Judging from a preliminary comparison the sour-orange fungus is the 
same species as S. faweettii. It produces the Gladosporium-like growth characteristic of 
this species (7). The Sphaceloma on sweet orange from Argentina and Sao Paulo, as 
well as that from Paraguay collected by Balansa in 1882 (7, 8), resembles aS'. fawcettii 
var. viscosa. Isolations from the recent specimens of sweet orange resemble cultures of 
S. fawcettii var. viscosa more closely than standard culture 8 of 8. fawcettii, while those 
of the sour-orange fungus from Sao Paulo are more nearly like culture 8. Although they 
resemble each other as just described, all .of these cultures are distinguishable from each 
other. On potato -dextrose agar the Argentine fungus produces Phoma-like structures 
containing miero-conidia of the same appearance as the conidia shown in figure 1, J and 
K, except that they are much smaller. A more or less similar stage has been observed 
for S. fawcettii var. viscosa, grown on the same substrate. 
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SUMMAEY 

On the basis of specimens received from Sao Panlo in 1931, the existence 
of a Sphaceloma highly pathogenic on the Bahia Navel orange in Sao 
Paulo, Brazil, is reported. The organism is culturally distinct from isola- 
tions of Sphaceloma from several kinds of Citrus (not including Citrus 
sinensis group) grown in other countries, the United States, Japan, Aus- 
tralia, and South Africa, although in its temperature relations it appears 
to agree with them closely. It is classified as S, fawcettii var. viscosa. The 
disease it produces, termed navel-orange scab, appears to be limited to 
fruits, which it often renders unmarketable. 

Division op Mycology and Disease Survey, 

Bureau OP Plant Industry, 

Washington, D. C. 
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THE QUINCB-EUST DISEASE CAUSED BY 
GYMNOSPORANGIUM GERMINALE 
H. E . T HOM As 

(Accepted for publication July 30, 1932) 

INTEODUCTION- 

The morpliological aspects and life cycle of tlie fungus Gymnosporan- 
gium germinaU (Seliw.) Kern have been ably treated particularly by Thax- 
ter (17), who demonstrated the connection between the telial and aeeial 
stages, and by Kern (12) in a monograph of the genus and elsewhere. The 
discovery of the mde prevalence of quince rust on the cultivated apple (9, 
11, 14, 18) has pointed to the need for more exact knowledge of many other 
phases of the disease. 

PLANTS AFFECTED 

Kern (12) in 1911 recorded the telial stage on Juniperus communis L., 
J, sihirica Burgsd., and J, virginiamif L., and no additions to the suscepts 
for this stage seem to have been made. 

In addition to the species of Amelanchier, Aronia, Crataegus, Cydonia, 
and Malus listed by Kern (12) as susceptible, a number of species of Cra- 
taegus have been added more recently (1, 13). The writer has collected 
the fungus on 14 species of Crataegus^ in central New York, the following 
7 of which have not been found in earlier lists: C. Arnoldiana Sarg., C. 
leata Sarg., C. calpodendron (Ehrh.) Medic., C. Irainerdi Sarg., C. fiUpes 
Ashe, 0. holmesiana Ashe, C. monogyna J^icq. The fruits of C. oxyacantha 
L. were rather severely affected by the disease at 2 stations in the outskirts 
of Ithaca in 1931. Parlow in 1880 (6) recorded Boestelia aurantiaca on 
C. oxyacmtha, A collection of this fungus on C. oxyacantha in the Her- 
barium of the Department of Plant Pathology of Cornell IJniversity was 
made by H. H. Whetzel, on the University Campus, in 1902. 

VARIETAL SUSCEPTIBILITY 

While varieties have not been generally recognized in the red cedar, it 
is a matter of common observation that individual trees may vary rather 
widely in appearance when grown side by side. It has been observed, fur- 
thermore, that different cedar trees equally exposed to inoculation may be 
quite unequally affected by this disease and, likewise, by the apple and 
hawthorn rusts caused by Gymnosporangmm juniperi-virginianae Schw. 
and G. glolosum Parlow, respectively (10, 16, 19). This variation in sus- 
ceptibility is concretely illustrated by the figures in table 1. Two localities 

1 The writer is indebted to Dr. K. M. Wiegand for the identification of the species 
of Crataegus. 
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and groups of trees are represented in the table, one by the first 2 trees and 
the other by the last 3. In each group, the trees are about equally exposed 
to inoculation by the quince and hawthorn fungi. The nearest source of 
the apple-rust fungus is somewhat more distant (30 to 40 ft.) for the first 
group, and no near-by source of this fungus is known for the second group. 

TABLE 1 . — VariatioTi in susceptiHlity of cedar trees io the rmis of apple, hawthorn, 

and qmnce 


Percentage of total inf eetions Humber of 

Apple rust Hawthorn rust Quinee rust inf eetions 


1 68 32 0 50 

2 12 2 86 50 

3 0 67 33 200 

4 0 7 93 200 

5 0 71 29 200 


Temporary variations in the susceptibility of trees cannot be invoked as 
a plausible explanation of the observed facts, since the quince-rust fungus 
is perennial on the cedar over a long period of years. 

Sufficient information is not yet available to permit of a detailed classi- 
fication of apple varieties as to susceptibility even for a single locality. 
That a wide variation among varieties does exist, however, is readily ap- 
parent. The following figures represent the maximum percentages of fruit 
infection that have been recorded for several of the more common varieties 
in Hudson Valley orchards: Delicious 65, Fameuse 21, Hubbardston 28, 
Jonathan 22, McIntosh 59, Northwestern Greening 24, Winesap 76. Rome 
Beauty was affected in 41 per cent of the fruits in 1 orchard near Geneva 
in 1930. In contrast, none of the following varieties has yet been found 
in the State with as much as 5 per cent of quince-rust infection on the 
fruit : Baldwin,, Ben Davis, Northern Spy, Rhode Island Greening, Twenty 
Ounce, and Wealthy. 

SYMPTOMS 

The principal symptoms of the disease on the various affected plants 
have been described by Weimer (19), Dodge (4), Thomas and Mills (18), 
and others. A few additional features may be worthy of mention. 

On the cedar there is at times a tendency toward the production of 
small but definite witches’ brooms, a characteristic conducive to confusion 
with the related disease caused by Gymnosporangium Nidus-avis Thaxt. 
Also, on the cedar are found occasionally the galls produced by G. globosum 
partially or largely preempted by (?. germinale and continuing to produce 
telia of both species. In such eases the telia of G. germinale are usually 
evident also on the adjacent stems. 
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Pig. 1. Symptoms of quince rust. A. Perennial infection on stem of Crataegus 
holmesiana. B. Infection on seedling apple leaves inoculated artifically. C. Necrotic 
quinee-rust lesion (indicated by arrow) and 2 apple-rust lesions on Borne apple fruit. 


The disease produced by the aecial stage of the fungus is primarily one 
of fruits and twigs. On certain susceptible species of Crataegus, the larger 
stems may be invaded. (Fig. 1, A.). By artificial inoculation, Farlow (7) 
obtained infection and pycnia on seedling apple leaves (presumably with 
Oymnosporangmm germinale) and Miller (15) has had similar results with 
quince foliage. The writer has obtained heavy infection on leaves of potted 
plants of Crataegus spp. with numerous pycnia, but aecia were produced 
only sparingly along the larger veins. Chlorotic spots were also produced 
on seedling apple leaves (Fig. 1, B), but these never developed pycnia and 
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gradually became less distinct. Similar but still less marked symptoms have 
been produced on a few inoculated leaves of McIntosh apple. 

The symptoms on 24 varieties of apple fruits that have been examined 
are predominantly necrotic or hypoplastic and rarely hyperplastic. Pycnia 
when present are individually more prominent than those of the apple-rust 
fungus but are more widely scattered, rarely, if ever, resulting in the bright 
orange color that is characteristic of the apple rust. The absence of the 
orange color, however, is not a reliable diagnostic symptom of quince rust, 
for apple-rust lesions are sometimes seen even with mature aecia and yet 
with no visible orange color. In situations favorable for both of these dis- 
eases, it is not uncommon to find infections of each on the same fruit, 
(Fig. 1,0). 

ETIOLOGY 

The reported differences in susceptibility to apple rust of the same 
varieties grown in different localities are shown by the work of Bliss (2) to 
be due in part to distinctly different strains of the fungus. A few infection 
experiments bearing on the question of pathogenic strains have been made 
with the quince-rust fungus (all collections from central New York). On 
4 occasions, single Crataegus plants were inoculated on opposite halves with 
telial material from different sources. Abundant infection was obtained in 
all cases but on 2 plants the later development of the infection seemed 
more vigorous on one half of the plant than on the other. Again, on 2 dif- 
ferent dates, single seedling apple trees were inoculated with spores from 
one source and later when new leaves had developed the same trees were 
inoculated with spores from another source. In each instance one of the 
contrasted inoculations resulted in numerous infections (a maximum of 50 
to 90 spots per leaf), while the other was followed by few or none. While 
these results are not regarded as conclusive evidence of pathogenic strains, 
it seems probable that more striking differences will be found when collec- 
tions from more widely separated localities are studied. 

An interesting feature in the life history of the fungus has been noted 
during the past year. In the autumn of 1930, a group of several plants of 
Crataegus holmesiana were found to be rather severely affected by quince 
rust in the twigs and stems. Several of these were marked and watched 
during the spring and summer of 1931. Several of the infections persisted 
through the winter and, judging from appearance and rate of development, 
some of them probably have survived 2 or more winters. (Fig. 1, A). 
Dodge (3) has mentioned similar cases of perennation in the aecial stage for 
Gymnosporangium Botryapites (Schw.) Kern and (?. transformans Ellis. 

Germination of Teliospores and Basidiospores. — ^Weimer (19) states 
that the germination of teliospores and basidiospores of Gymnosporangium 
germinale is m all respects similar to that described for G. juniperi-vir- 


550 


Phytopathology 


[VoL. 23 


ginimae 'ysfiik an optimum temperature (for the teliospores) at 22 to 24° C. 
In the course of this "work several tests have been made mostly at room 
temperature (about 25° C.) in an effort to learn something of the maximum 
rate of germination. Under the most favorable conditions that were pro- 
vided, telia that were immersed in water for 25 minutes and removed to a 
relatively moist atmosphere, discharged basidiospores in considerable num- 
bers within 2 hours after removal from the water. When dry telia were 
removed from the substrate, mounted on moist cotton and held at 25° C. 
there was found after 8 hours an abundant germination of teliospores and 
the beginning of basidiospore germination. Basidiospores submerged in 
water at room temperature were observed to develop germ tubes equal in 
length to the diameter of the spore within 2 hours and 4 to 6 times that 
length in 10 hours. A similar rate of germination was noted when basidio- 
spores were mounted on a moistened Crataegus leaf and held at 25° C., the 
germ tubes reaching 5 to 7 diameters in length in 8 hours. It was not 
determined with certainty whether or not penetration of the leaf had taken 
place. 

Germination of Aeciospores , — Earlier workers experienced difficulty in 
germinating the aeciospores of Gymnosporangium germinale and many 
other species of the genus. Doran (5) records minimum, optimum, and 
maximum temperatures for the germination of aeciospores of G. germinale, 
at 9°, 16°, and 29° C, The actual percentages of germination are not. 
shown. Thomas and Mills (18) report moderate germination at tempera- 
tures of 6° to 21° in spores from fruits previously held at 3°. More re- 
cently the writer has obtained up to 49 per cent germination in spores 
collected November 26, 1930, and kept over night at 3° and a maximum 
germination of 60 per cent in spores from fallen Crataegus fruits collected 
on January 22, 1929. However, on March 13, 1929, no viable spores were 
found in fruits from the same source. On April 4, 1931, a trace to 10 per 
cent germination was obtained in spores from mummied Crataegus fruits 
that had remained attached to the tree. These spores, however, were found 
only in deep-seated aecia with little or no opening to the outside. 

In order to test further the influence of previous chilling on the 
germination of aeciospores, affected quince fruits were placed in open paper 
bags at 3° and 6° C. on October 1, 1930. Spores from these were set to 
germinate at 15° on 4 different dates from October 23 to November 13. The 
averages (each representing 4 counts of 100 spores each) for the spores 
from the sample held at 3° were 38.7, 28.5, 34.0, and 18.2 per cent, while 
those for the spores kept at 6° were 22.7, 19.2, 21.0, and 19.5. The relatively 
small difference between the results from the 2 samples may be due in part 
to the more rapid drying at the higher temperature. , 

It was assumed in the earlier tests that precooling was important in 
inducing the comparatively good germination that was reported. This 
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appears to have a foundation in the results of a test in which spores were 
mounted in water and after 25 hours at 6° to 8° G. were moved to 26°. 
Here a germination of 39 per cent was obtained (200 spores) as compared 
with 9.5 per cent (800 spores) for spores from the same source placed im- 
mediately at 26° without precooling. 

However, the best germination in any of the writer's tests was that in 
spores mounted at 18° C. without precooling. The spores were taken on 
May 27 and June 20 from a Crataegus plant inoculated in the greenhouse 
on March 24. Aecia w^ere first seen on this plant on May 23. In these 2 
tests a total of 800 spores averaged 68.8 per cent germination with several 
counts of above 90 per cent. The same number of spores in parallel tests 
at 26° C. averaged 9.5 per cent germination. 

It has been pointed out that the only viable aeciospores found by the 
writer under natural conditions in late winter were in deep-seated aecia 
with little or no opening to the outside. It is of interest then to know 
whether spores that are more exposed to atmospheric influences will sur- 
vive for any considerable period. With this in mind, aeciospores were 
mounted on dry glass slides and placed in dry Petri dishes at 3° C. These 
were removed at intervals and tested for germination at 15° C. The aver- 
age percentage germination of the spores was 34 at the beginning of the 
experiment, 18.7 after 2 days, 16.2 after 6 days, and 4.0 after 16 days. 

In 2 tests, an attempt was made to detect any influence upon germination 
due to the presence of cedar leaves, either whole or macerated, in the drops 
of water. None was found in the 3,600 spores counted. On 2 occasions, 
May 28, and August 9, 1931, spores were seen (in free-hand sections) to 
have germinated in droplets of water in the axils of young leaves of potted 
cedar trees. In the first instance germination was abundant at the end of 
25 hours and some evidence was seen of penetration by the germ tubes into 
the epidermis of the plant. However, this critical point must remain un- 
settled until a more detailed study is made. 

Incubation, — Farlow (7) records the appearance of pycnia on apple- 
seedling leaves 10' days after inoculation with spores of Gymnosporarngium 
germinate. In 4 infection experiments with relatively resistant foliage of 
apple seedling trees the writer was unable to detect any symptoms until 10 
to 18 days after inoculation, and pycnia were never found on these. In 
contrast in 5 similar tests with susceptible foliage of Crataegus plants, 
symptoms were seen in 4 to 6 days, and pycnia appeared in 13 to 15 days 
after inoculation. These plants were grown in a greenhouse in which the 
temperature is partially controlled at 65 to 70° F. 

Relation of Age of Tissues to Infection, — ^In the spring of 1931, inocula- 
tions were made at Ithaca on a few McIntosh fruits on each of 7 dates from 
May 7 to June 21, beginning when the buds were in the closed-cluster stage. 
In some cases the moistened telia were suspended over the parts to be inocu- 
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lated and in others moist cotton was brushed over the germinating telio- 
spores and placed directly on the receptacle of the flowers or the young 
fruits. Some were covered with celophane bags and others were not. Rain 
and atmospheric moisture were depended upon for the maintenance of 
humidity, and these apparently were not adequate, for no infection resulted 
in any case on the fruit and nothing conclusive was seen on the foliage. 

A more successful outcome followed the inoculation of Crataegus leaves 
in the greenhouse (Table 2). The inoculum was applied copiously to 
each leaf with a camel’s-hair brush and the plants were maintained in a 
moist atmosphere for 3 days. Infection was so heavy as to preclude the 
counting of spots. It will be seen, however, that here, as in the case of 
apple rust on apple foliage (8), the leaf is susceptible in the earlier stages 
and gradually passes to a condition of complete immunity. 

TABLE 2. — Eelation of age of leaf to infection of Crataegus hy Gymnosporangium germimle. 

Becords 07 i potted plants 16 days after inoculation 


Braneh Leaf number (oldest at left) 

number i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


Plant 1 

1 OaO 0 0 0 0 00+a-|- + + + 4- + 4* + + + + + 0b0 00 

2 0'0 0 00 + + -f + + + + + 4- + + ObOOO 

3 0 0 0 0 + + + + + + 4-b 

4 0 0 0 0 0 + 4- + -P 


Plant 2 

1 0 0 0 0 0 0 0 0 0 4" 4" 4" 4* 4" 4* 4* 4 4"^ 0 0 0 

2 0 0 0 0 0 4- + 4- 4- + 4- 4- Ob 

3 0 0 0 0 0 4- 4-4* 


a0 = no infection j 4- = inf ection. 

* Youngest leaf at time of inoculation. 

SUMMARY 

Plants of the following species of Crataegus not found in earlier lists 
are reported as affected by quince-rust: Crataegus arnoldiana, G. beatayC, 
bramerdiy G, calpodendron, C, fiUpes, C. holmesiana, G. monogyna. 

Marked Yariation in the susceptibility of individual cedar trees is shown. 
Trees susceptible to the quince-rust disease may be relatively resistant to 
the apple or hawthorn rust. 

Basidiospores may be discharged within 2^ hours from the time the 
telia are moistened. Basidiospores may begin to germinate within 2 hours 
after they are immersed in water. 

Viable aeciospores are found occasionally in nature as late as April 
(at Ithaca) but in such situations as to render dissemination unlikely. 
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Good germination of aeciospores is oibtained at 15 to 18° without liaving 
been preceded by any prolonged rest period. 

Symptoms are seen 5 to 8 days after inoculation on foliage of sus- 
ceptible Crataegus plants. The incubation period in comparatiyely resistant 
apple leaves is considerably longer. 

Cornell University^ 
iTHACAy New York. 
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PHYTOPATHOLOGICAL NOTES 


A Destructive Fmarium Wilt of Mushmelons^—lji June, 1932, the 
writer's attention was called to a 6-aere field of muskmeloiis in Hennepin 
County, Minnesota, in which more than half of the plants had died within 
2 or 3 weeks after emerging from the soil. Many of the hills had been re- 
planted, and at the time of examination the seedlings of the second planting 
were just emerging from the soil and many of these also were wilting. There 
were no obvious lesions on some of the wilted plants, although there were 
definite reddish brown necrotic lesions on the roots and hypocotyl of many 
of them. On some of the lesions small pinkish spore masses were evident. 
Microscopic examination revealed these to be spores of a species of Pusarium. 
Isolations from a considerable, number of wilted plants yielded in all cases 
the same speeies of Pusarium, which subsequent inoculation experiments 
proved to be the cause of the disease. When this fungus was compared with 
a culture of Fmarmwi niveum E. P. S. isolated from wilted watermelons^ 
they were found to be very similar in morphological and cultural characters. 
When grown on several different kinds of media the red to purple pigment 
produced by the culture from muskmelon was slightly less intense than that 
produced by the culture from watermelon. The former culture also tended 
to produce fewer macroconidia and more microconidia than the latter. One 
hundred trieellular macrospores of each culture produced on potato-dextrose 
agar were measured. The length of the spores of the muskmelon culture 
ranged from 24 to 45 p, while those of the watermelon culture ranged from 
27 to 60 p. There was no appreciable difference in the width of spores of 
the 2 cultures. 

In spite of the close similarity of the 2 fungi in cultural and morpholog- 
ical characters, they differ strikingly in pathogenicity. Watermelons are 
highly resistant to the culture isolated from wilted muskmelons, while musk- 
melons are highly resistant to the culture causing wilt of watermelons. 

The wilt of muskmelons was found in several fields in which were planted 
1 or more rows of watermelons. In these fields more than 95 per cent of the 
muskmelons were killed by wilt, but not a single watermelon plant was in- 
jured. One such field is shown in figure 1, C. These observations were sub- 
stantiated by greenhouse tests in which Kleckly Sweet watermelons and 
Golden Osage muskmelons were planted in pots of soil infested with the 
respective organisms. In these experiments the muskmelons were highly 
resistant to Fusarium niveum and completely susceptible to the culture ob- 

1 Paper iNTo. 1171 of tlie Journal Series of tlie Minnesota Agricultural Experiment 

Station> -.'v 

2 This culture was kindly furnished by Mr. J. J., Wilson and was isolated from wilted 
watermelons in 1932 in Oonesville, Iowa. 
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Fig. 1. A and B. Golden Osage mnskmelons (G. 0.) and Kleckly Sweet watermelons 
(K. S.) growing in soil infested with. Fumrium niveum (A) and the Fusarium causing 
muskmelon wilt (B). 0. Field infested with organism causing the wilt shown in B. 

Note that more than 90 per cent of the muskmelons have been killed by this wilt, whereas 
none of the watermelons in the single row at the left have yet been killed. 


tained from muskmelons. On the other hand, watermelons were highly re- 
sistant to the culture from muskmelons and completely susceptible to F. 
niveum (Fig. 1, A and B). These results would indicate that the wilt of 
muskmelons may be caused by a physiologic form of F, niveum or by a 
closely related species. 

A search of the literature has yielded very little definite information 
about Fusarium wilt of muskmelons. In 1898, Sturgis^ observed a 
Fusarium fruiting on the stem of a wilted muskmelon in a field where 
bacterial wilt was prevalent, and, although no inoculation experiments were 
made, he suggested that ^Hhe wilt disease which has been so prevalent lately 
in our muskmelon fields may be due in part to the attacks of a species of 
Fusarium possibly the same as that associated with the wilt of water- 
melons. ’ ^ 

The same year, Selby^ reported a wilt of garden cucumbers, Japanese 
climbing cucumber, and muskmelon, and stated that it appeared ‘Ho be due 

3 Sturgis, William G. Some common diseases of melons. Conn. Agr. Expt. Sta. 
Ann. Bpt. 22 (1898) : 225-235. 1899. 

4 Selby, A. D. Further studies of cucumber, melon and tomato disease, with experi- 
ments. Ohio Agr, Expt. Sta. Bui. 105. 1899. 
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to the same or to a similar fungus to that causing the southern watermelon 
wilt described by E. F. Smith. Here also no inoculations were made. 
Taubenhaus,^ in 1920, published the results of his investigations of the wilts 
of watermelons and related crops. In numerous field trials on ^Svater- 
melon-sick'lsoil he showed that cantaloupes remained 100 per cent healthy, 
while watermelons were 69 to 98 per cent killed. Taubenhaus made no 
mention of a wilt of cantaloupes in this study. 

Stone,® in 1911, made brief mention of a Fusarium stem rot of cueumbers 
and muskmelons in the greenhouse but made no inoculations and did not 
identify the pathogen. It is not probable that he was dealing with the wilt 
in question, because the greenhouse tests and field observations show that 
cucumbers are not affected by the wilt of muskmelons occurring in 
Minnesota. 

Cook^ in 1923, reported a greenhouse disease of melons from which he 
isolated a Fusarium ^'very similar to F, vasinfechmJ^ No inoculations 
were made to determine the pathogenicity of the culture, and the disease is 
not described in sufficient detail to justify conclusions as to its identity. 

Chupp® has reported a Fusarium wilt of muskmelon causing a trace to 
one per cent loss in several fields in New York. This may be the same as 
the wilt in Minnesota, but it was not described in sufficient detail to justify 
conclusions. 

Although the wilt of muskmelons observed in Minnesota may kill a high 
percentage of the plants in the seedling stage, plants of any age may be 
affected. In 2 fields kept under observation additional plants died through- 
out the season until the occurrence of frost. Plants in later stages of 
maturity affected with^wilt are characterized by brown necrotic streaks 
beginning at or below the ground line and extending from several inches 
to 2 ft. or more along 1 side of the stem. On such lesions masses of salmon 
pink spores may be produced in abundance. 

The experience of several melon growers would indicate that the disease 
has been present in the State for at least 3 years. Eecords of the Depart- 
ment of Plant Pathology indicate also that it was observed in 1931. 

The disease is being studied further and efforts will be made to select 
wilt-resistant varieties. — J. G, Leach, University Farm, St. Paul, Minn. 

5 Taubenhaus, J. J. Wilts of the watermelon and related crops. Texas Agr. Expt. 
Sta. Bui. 260. 1920. 

6Stone, G-. B. Fusarium disease of cueumbers and other plants. Mass. Agr. Expt. 
Sta. Ann. Ept. 23 (Part II) : 62-65. 1911. 

7 Cooh, Mel. T. A greenhouse disease of melons. Phytopath. 13: 462-463. 1923. 

sChupp, Charles. Fusarium wilt of muskmelon. Plant Disease Beporter 14: 160. 
1930. 
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Physiologic Forms of CoUetotrichum falcahim Went,— The sudden 
failure of the sugar-cane variety P.O.J. 213 in Louisiana during the years 
1930 and 1931 due to red-rot suggested the activity of physiologic forms of 
the causal organism {CoUetotricKum falcatum Went) as a possible explan- 
ation. While thus far a detailed study has not completely explained that 
failure, definite evidence of the existence of physiologic forms has been 
obtained. 

Many hundreds of isolations from rotting cane and leaf midrib lesions 
in Louisiana, Georgia, and Florida have been compared in culture and in 
pathogenicity on different varieties of cane. For the latter purpose stalk 
inoculations have been used. Briefly, the method followed consisted in 
making 20 inoculations per isolate in uniform material by placing the fungus 
in cork-borer holes in alternate internodes of the cuttings. These were 
incubated for 15 days in moist, steamed sawdust at 20-25^^ C., after which 
they w^ere split and the spread of the fungus measured. In order to obtain 
reliable comparisons of large numbers of isolates, it was necessary to express 
the results mathematically. This was done by calculating the ratios of 
lateral and longitudinal spread of the lesion to the varying dimensions of 
the inoculated intemodes. Thus, a numerical designation of 1.00 would 
indicate that the disease had spread the entire length (or width) of the 
internode, w’^hile values of less or more than 1.00, the proportionate parts 
of the same or adjoining internodes, respectively. By multiplying the 
ratio for length by that for width a figure is obtained which for convenience 
in comparing isolates has been termed the “index of virulence.’’ 

A representative series of inoculations is presented in table 1 comparing 
the indices of 4 isolates on three varieties of sugarcane. L-T was obtained 
from rotted seed cane of P.O.J. 213 in Louisiana, F-1 from the same variety 
in Florida, and G-2 from rotted Gayana cane in Georgia. These cultures 
are representative of large populations isolated from these localities. L-31 
was isolated once from severely rotted banked cane of Co. 281 in Louisiana. 

The results in the table, which are similar to those from many other 
tests, show that L-7 and F-1 have approximately the same indices and 
should be considered as belonging to the same physiologic form. L-31 is 
more virulent on all three varieties than L-7, F-1 or G-2, its greater 
virulence on Co. 281 being particularly significant since this variety has 
been resistant to all other isolates obtained. Because of its greater virulence 
it has been considered a separate physiologic form, even in the absence of 
population studies. G-2 is weekly parasitic in comparison with the others 
and is classed as a third physiologic form. 

It has been found that sugarcane varieties possess two kinds of resis- 
tance to Collet otrichum falcatum: (1) Functional, possessed by those 
which germinate quickly and are vigorous root formers, thus preventing 


TABLE 1 .^ — Comparative vimleme of four isolates of Colletotrwhum falcatum on three varieties of sugarcane 
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the entrance of the fungus through the root primordia ; and (2) physiologic, 
in which the development of the fungus within the tissues of the stalk is 
retarded once infection has taken place.— E. V. Abbott, Division of Sugar 
Plant Investigations, Bureau of Plant Industry, Houma, La. 

Authority for the Name Gronartium rihicola . — The name of the white- 
pine blister rust has generally been accredited to Fischer by American 
authors and to Dietrich by European authors. The writer is clearly re- 
sponsible for introducing the usage prevalent in America, and possibly for 
the one exception to the usage in Europe, occuring in Grovers British Bust 
Fungi.^ 

In the North American Flora, vol. 7,^ the name was given as Fischer von 
Waldheim. Not long after the publication of that part of the Flora in 1907 
Perley Spaulding visited the herbarium at La Fayette and desired to know 
the grounds for this selection of authority. It was recognized at the time 
that Dietrich’s name of 1856 (or possibly 1854) was bl nomen nudum, while 
Fischer^ in 1872 had published a description of Oronarfcm nbicola 
Fischer, nov. sp., and also issued a collection under this name in Raben- 
horst’s Fungi Europaei Exsiccati, No. 1595. This collection, as represented 
in the Farlow Herbarium, shows that Fischer had the right fungus, for it 
bears both urediospores and teliospores. This fact does not, however, affect 
the nomenclature. The full name of this ^‘Fischer” was not stated at the 
time, and it remains unknown up to the present, even after much effort 
expended by the writer and others. The name of Fischer von Waldheim 
was familiar to American mycologists from the publication of a translation 
of his extensive paper on the ‘‘Biology and history of the development of 
the Ustilagineae,” and it was easy but indefensible to assume the identity 
of the two Fischers. Although the error was at once recognized it was not 
convenient to make a correction until the 10th part of the Plora^ was 
reached in 1925. 

Perley Spaulding® has called attention to the unsatisfactory usage by 
American authors and indorses the conclusion reached by Klebahn® in his 
extended study of the matter in which all the data known up to the present 
time are carefully considered. 

1 Grove, W. B. The British fungi. 412 pp. University Press, Cambridge. 1913. 
(p. 316.) 

2 Arthur, J. C. North American Flora 7; 122. 1907. 

3 Fischer. Cronartmm rihicola Fischer nov. sp. Hedwigia 11: 182. 1872. 

4 Arthur, J.C. L. c., p. 692. 1925. 

5 Spaulding, Perley. Dietrich preferable authority for Cronartmm rihicola. Phyto- 
path. 23: 203-204. 1933. 

eKlebahn, H. Der Autor des Cronartium rihicola, Ztsehr. Pdanzenkr. 41: 209- 
213. 1931. 
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The question to be settled is seemingly very simple. Should the name 
be written Cronartium riUcola Dietrich or Gronartium riUcola Fischer, as 
these are the only authors who have ever referred the fungus to the genus 
Cronartium? The undisputed facts are these: Dietrich used the name in a 
local flora, published no description, claimed that it was a new species, 
and issued in a published exsiccati a specimen that bore teliospores. Fischer 
published a description, called it a new species, and also issued a specimen 
in a published exsiccati. In accordance with the International Rules of 
Nomenclature it must be admitted that Dietrich ^s name in these respects 
was by itself, and still is, a nomen nudum, while Fischer’s name was duly 
established. One cannot, therefore, agree with the conclusion reached by 
Klebahn, following an extended and ingenious argument, that: /‘One thus 
leaves to Dietrich the honor of being the author of the fungus, since he 
discovered it, correctly named it and distinguished it, as well as is generally 
possible without knowledge of the aecidia, as a Cronartium which lived on 
Ribes.” If this procedure were generally adopted, a nomen nudum would 
no longer be a barrier to the acceptance of a name as valid. 

But this is not the whole story. Neither Dietrich nor Fischer originated 
the specific name ribicola, but a much earlier author, G. W. Lasch, who pub- 
lished the name in 1842 under the genus Uredo, with a description and 
specimen in Klotzsch’s Herb, Myc. 490. This name, Uredo ribicola Lasch, 
according to Klebahn, cannot be considered in priority, because “teleuto- 
spores were not observed.” The description was reprinted in Rabenhorst’s 
Deutschlands Kryptogamen Flora,^ without reference to teleutospores. 

The validity of uredosporic names depends at present upon the wording 
of Rule 49 bis, which says in a rather ambiguous and illogical way that a 
name to b^ accepted must apply to the “perfect states,” that is, the one 
“which ends in the teleutospore or its equivalent.” The Rule has recently 
been subjected to analysis and interpretation by Faull,® who reaches the 
conclusion that, excluding the (one) example appended to the Rule, “one 
might very well interpret the ‘state’ indicated as referring to the entire 
diploid state, a state in the rusts that produces both uredospores and 
teliospores.” This appears to the writer convincing and acceptable. 

Returning to the name for the white-pine blister rust and recognizing 
Uredo names as in good standing in priority, the correct designation should 
be Cronartium ribicola (Lasch) Dietr. The name was first correctly estab- 
lished by Lasch under the genus Uredo and was subsequently transferred 

TEahenhorst, L. Deutschlands Kryptogamen Flora. Erster Band. Filze. 613 pp. 
Eduard Kummer, Leipzig. 1844. (p. 579). 

sFaull, J. H. Taxonomy and distribution of the genus Milesia. Contrib. Arnold 
Arboretum Harvard UniyersU^^^ 138 pp. Jamaica Plain, Mass. 1932, (pp. 9- 
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to the genus Cronartium by Dietrich, all in accordance with the accepted 
rules of noraenelature. This presentation of the subject has been read by 
Perley Spaulding, who states in his letter of March 8, 1933, that am 
disposed to accept your decision in the matter.’ —J. C. Arthur, Purdue 
University, La Fayette, Indiana. 

Some Promising Fungicides,— At the Arlington Farm, Eosslyn, Virginia, 
station of the Bureau of Plant Industry, some promising spray materials 
have been developed that may be of value in the control of plant diseases 
and for which patent applications have been filed under the provisions of 
the Act of March 3, 1883, (22 Stat. 625). Because copper compounds 
appear to be effective in the control of fungous parasites of plants, the ex- 
periments have been principally concerned with the improvement of 
Bordeaux mixture and with the use of very insoluble copper compounds. 

These copper compounds, when ground finely enough to pass through a 
300-mesh screen or to the standard of Portland cement and mixed with milk 
of lime, form suspensions that lack the spreading and sticking qualities of 
Bordeaux mixture. To supply these qualities, an adjuvant, made by com- 
bining lime with bentonite, a natural clay-like material forming a gel with 
water, was developed. The gel-forming property of bentonite is not useful 
in the spraying of plants, since the material in this form is easily washed 
off the sprayed plants; but, when lime, slaked or hydrated, is added to a 
true bentonite, a floeculent precipitate is formed that has excellent spread- 
ing and adhering properties and furnishes a highly absorptive surface for 
the insoluble materials. 

The copper compounds that show promise, when finely ground and 
combined with bentonite flocculated by lime, are: copper oxide, copper 
silicate, and copper phosphate. These materials are not, at the moment, 
\ manufactured for wide-scale commercial use but for experimental purposes 

can be bought in small quantities from the chemical-laboratory supply 
houses. A chemical firm has manufactured these materials for our experi- 
mental work at a considerable reduction in price over catalogue figures, and 
we feel sure that these compounds can be made available at very reasonable 
figures, should they develop into successful orchard sprays. 

In a limited way we have used the above materials on Hiley peach and 
on York and Grimes apples. On peach, copper oxide and copper silicate 
controlled scab and brown rot quite well without causing injury to the fruit, 
foliage, or wood. Copper phosphate, although not so injurious as Bordeaux 
mixture, caused enough injury to peach to make its usefulness on this host 
doubtful. On apple copper oxide, copper silicate, and copper phosphate 
were not injurious in any way. Since there was practically no scab in the 
apple orchard no data on scab control were obtained. 
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In repeated laboratory tests these fungicides were toxic to the spores of 
Glomerella cingulaU (Atk.) S. and S. (bitter rot of apple), ScleroUnia 
(Wint.) Rebm (peach brown rot), Cladospormm carpophiUm 
Thiim. (peach scab), V enturia iiM^gwUs (Cke.) Aderh. (apple scab), and 
C, effusim (Wint.) Dem. (pecan scab). The materials exerted their 
toxicity under the weathering conditions of the orchard environment for 
at least 10 days and in the case of copper phosphate as long as 21 days. 
This was determined by placing spores of the test fungi on the slides that 
had been hung among the leaves of the host and sprayed at the time the host 
was sprayed. A group of sprayed slides was brought into the laboratory 
each day and tests were run with standardized spore suspensions. In this 
manner the longevity of the toxic and inhibitory effect of the fungicides was 
determined. Bordeaux mixture was always used in comparison and usually 
other standard materials, such as zinc-lime, lime-sulphur solution, wettable 
sulphur, and proprietary sulphurs. 

The liquid sprays that we used had this general formula : 


Copper silicate, copper oxide, or copper phosphate 

(as the case may be) 2.0 lb. 

Hydrated lime or equivalent CaO 4.0 

Bentonite (one showing a high degree of water- 
absorbing capacity) 2.0 

Insecticide (arsenate of lead, etc.) 1.0 

Water 50.0 gal. 


If hydrated lime is used, all the materials may be weighed together, 
thoroughly mixed, and added to the tank of water in a dry condition. If 
stone lime is used, this material must be slaked separately and added to the 
tank, first, in the required amount of water. Then the other ingredients, 
mixed together dry, may be added. In both cases the tank agitator should 
be in motion throughout the mixing. 

We have found that a dust with good physical properties may be pre- 
pared by adding 2 lb. of the copper compound to 4 lb. of hydrated lime 
and 4 lb. of bentonite. To this may be added 1 lb. of an insecticide such as 
lead arsenate.— M. C. Goldsworthy and E. L. Green, Division of Horticul- 
tural Crops and Diseases, Bureau of Plant Industry, U. S. Department of 
Agriculture, Washington, D. C. 

Mosaic Diseases Ajfecting Different Legumes in Relation to Beans and 
Peas , — The viruses causing the mosaic diseases of white sweet clover 
{Melilotus alha), yellow sweet clover (M. officinalis) , white clover 
{Trifolium repens), alfalfa {Medicago sativum), pea {Pisum sativum) , and 
sweet pea (Lathyrus odoratus) are all transmissible to beans {Phaseolus 
vulgaris), while the virus producing the mosaic disease of red clover {T. 



1933] 


PHYTOPATHOLOGICAti NOTES 


563 


pratense) is not. Althoiigh a careful examination of the symptoms pro- 
duced on beans by the viruses from these legumes reveals specific differences, 
the viruses from white clover and white sweet clover when inoculated into 
beans produce symptoms, some of which resemble the typical mottled and 
chlorotic condition of the common bean mosaic. 

It is entirely probable that there may be present in the several legumes 
various other mosaic viruses that may react differently from those that are 
herein reported, notwithstanding the production of symptomological 
similarity. 

The infection produced by all of the legume-mosaic viruses on beans is 
systemic with the exception of that of alfalfa, which produces only local 
lesions. The wdaite-clover-mosaic virus, besides being systemic, may some- 
times produce local lesions. 

It has not been definitely proved that the viroses of the several legumes 
(white sweet clover, white clover, alfalfa, pea, and sweet pea) are seed- 
borne, but preliminary evidence indicates that the mosaics of pea and white 
sweet clover may be carried in the seed in small percentages. The virus 
of none of the legume mosaics, except bean mosaic, has thus far been proved 
to be transmitted through bean seed. 

Most bean varieties are susceptible to the viruses of the legumes men- 
tioned. The alfalfa-mosaic virus infected 24 out of 28 varieties tested, and 
that of white sweet clover 21 out of 22. The virus of white-clover mosaic 
produced typical symptoms on 24 out of 26 varieties. Thirty-two varieties 
of beans were tested with the mosaic virus of pea and 31 were susceptible. 
In the latter case the inoculated plants of many of the very susceptible 
varieties died. 

The effect of the virus of the various legumes on bean varieties that 
are resistant to their own mosaic, differs, depending on the virus used. The 
3 varieties of beans resistant to bean mosaic (Eobust, a strain of Great 
Northern, and a Stringiess Green Refugee selection) also are resistant to 
the alfalfa mosaic. The mosaic viruses of white sweet clover and white 
clover infect only the Stringless Green Refugee selection, while the virus of 
pea mosaic infects both this selection and the Robust variety. Only the 
strain of Great Northern appears to be resistant to all of the viruses used. 

In addition to these virus diseases, a mosaic virus (designated as No. 
Ill) was isolated from a bean hybrid, whose extract reacts similarly to the 
legume-mosaic viruses, especially with respect to the susceptibility of certain 
bean varieties. It differs, however, from the common bean mosaic. The 
virus is systemic and does not appear to be seed-borne. Twenty-six bean 
varieties were inoculated with this virus and 24 were susceptible. Of the 
three varieties resistant to the common bean-mosaic virus. No. Ill was in- 
fectious only to the Stringless Green Refugee selection. 
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Peas and sweet peas are affected differently from beans when inoculated 
with the viruses of the various legume mosaics. The red-clover-mosaic 
virus, inoculated on the pea, produced symptoms somewhat similar to pea 
mosaic but gave negative results when inoculated on the few varieties 
of sw^eet pea tested. Peas and sweet peas were not infected by the alfalfa- 
and bean-mosaic viruses. The mosaic viruses of white S'vveet clover and 
white clover produce destructive symptoms on peas and sweet peas very 
unlike pea mosaic. The symptoms resemble a streak, in some eases caus- 
ing death to the sweet pea. The vascular bundles of infected pea and sweet 
pea roots and stems are discolored and fungi are readily isolated, but in no 
ease have they been proved pathogenic. It is likely that infected plants 
become weakened by the virus and that saprophytic fungi enter the root 
system, producing a vascular discoloration. 

It is possible that both beans and peas may become infected from the 
various legume-mosaic viruses in the field as a result of aphid transmission. 
— W. J. Zaumeyer and B. L. Wade^, Division of Horticultural Crops and 
Diseases, U. S. Department of Agriculture. 
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Altliougli known primarily for his work in mycology, none the less Dr. 
Thaxter exerted a distinct influence on plant pathology, not only directly 
through his own brief but outstanding work in this field, but also indirectly, 
through the inspiring example of the high standards of accuracy and com- 
pleteness he maintained throughout all his investigations, through the aid 
in difficult my cological problems he gave to the many perplexed patholo- 
gists' who consulted him, and through the training and ideals he transmitted 
to students who have since become important factors in phytopathology. 

He was born on August 28, 1858, and naturally during the period of his 
school and eollege training he received little or none of the specialized and 
intensive instruction in plant pathology which is offered in the famous 
phytopathologieal laboratories of the present. It must be remembered that 
he entered Harvard from the Joshua Kendall School in Cambridge in 1878 
only a few years after Asa Gray, with progressive foresight, had secured the 
appointment of 6. L. Go'Odale in Plant Physiology and W. G. Parlow in 
Cryptogamic Botany. Consequently Dr. Thaxter ’s eollege course, from 
which he received in 1882 his A.B. degree, Magna Cum Laude, with honor- 
able mention in Natural History and English Composition^ gave him a 
sound background in botany and zoology rather than any specialized train- 
ing in plant pathology. Indeed, it was not until 1884 that he began to con- 
centrate in botany, especially mycology, when, after a year in the Medical 
School, he started graduate wurk with Dr. Parlow under two yearst tenure 
of the Harris Pellowship. 

His first mycologic paper, On Certain Cultures of Gymnosporangium 
with Notes on their Roesteliae, ' published in 1887, was of pathologic as 
well as myeologie significance, since by culture studies and cross inocula- 
tions he demonstrated the relation of several species of Gymnosporangium 
to various Roesteliae of the vicinity. Realizing the difficulties involved, the 
plants of various species of Crataegus, Pyrus, and Amelanchier, potted in 
April before the leaves developed, had been kept in four separate rooms: in 
Boston some miles from any cedar trees to avoid any possibility of outside 

iFor a list of Dr. Thaxter ’s publications see Weston, Wm. H. Roland Thaxter. 
Myeologia 25: 69-89. 1933. (Publications, pp. 86-89). 
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infection, and to tlie^e from the seven common local species of Gymno- 
sporang'inm, similarly forced to an early production of telial columns, cross 
inoculations were made which definitely established the connection with the 
roestelial stages in five of the seven cases. Moreover, appreciating the pos- 
sibility that sexuality and fertilization might be involved in the develop- 
ment of aecidia, he attempted to fertilize female organs that might be 
present by placing the spermatia on the under side of the leaves of the 
Eosaceous hosts, and although his results were not conclusive, it should be 
noted that he foresaw this possibility which only recently has been demon- 
strated as an actuality in other rusts. It should be noted also that in this 
connection he pointed out the possible role of flies in achieving such ferti- 
lization in nature, a shrewd suggestion probably derived from his thorough 
familiarity with the Diptera, for even at this time he had an unusual knowl- 
edge of insects and had published several entomological papers. 

.With characteristic tenacity he did not drop thisanvestigation when he 
went on into other fields, but even while working on his thesis, ^tThe 
'Entomophthoreae of the United States,” for which he received his Ph.D. in 
Natural History in 1888, he continued his study of cultures of Gymnospo- 
rangium, using a greenhouse under more carefully eontrolled conditions 
than had been possible previously. Although his procedure would now be 
considered heretical, as he did not use a series of plants as controls, none 
the less his precautions, in forcing both the Gymnosporangium and the hosts 
so that the inoculations were made in the greenhouse a month or so before 
any infection occurred in nature, gave security to his results and enabled 
him in this paper of 1889 to corroborate his previous work, to secure in 
addition the roestelia oi Gymnosporangium glolosum^ and by careful com- 
parison with authentic herbarium material to establish with certainty the 
identity of the aecial stages which he had developed. These two papers 
were a worthy continuation of Harlow’s ‘^Gymnosporangia or Cedar Apples 
of the United States,” cider apples,” according to one biographer!) of 
1880, and '^Species of Gymnosporangium and Chrysomyxa” of 1885, and 
furnished convincing answer to the hope expressed by Peck in the Botanical 
Gazette of 1881 for a continuance of such investigation until . . . the 
supposed connection between the 63 rmnosp 6 fangia and Roesteliae shall be 
shown to' be either real or imaginary. 

In 1888, after receiving coincidentally both M.A. and Ph.D. degrees 
from Harvard, he went to his first position, that of Mycologist at the Con- 
necticut Agricultural Experiment Station, which, as the 1907 year book of 
his class of 1882 takes pains to point out, although located in New Haven, 
has no connection with Yale.” His annual reports and other publications 

2 Peck, C. H. [Eeview of] The Gymnosporangia or cedar-apples of the TJnited 
States, by W. G. Earlow. Bot. Gaz. 6: 209-210. 1881. 
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during the three years he worked in this capacity give convincing evidence 
in their ^^miscellaneons notes/’ of his unnsiml knowledge of fungi and his 
wide-ranging activities as a mycologist, and, in their detailed reports on 
important diseases, of his effectiveness as a plant pathologist. His work on 
the diseases of onions and particularly his reports on onion smut were valu- 
able contributions! to plant pathology, covering thoroughly the historical 
background and the pertinent literature, furnishing important information 
on the distribution, dissemination, and effects of the disease, working out in 
careful detail the structure, development, and methods of infection of the 
causal fungus, and giving practical, simple, and inexpensive methods of 
prevention and control based on careful experiments. Although decidedly 
mycological in point of view, the work is distinctly in accord with the tradi- 
tions of present phytopathological procedure, comprising convincing dem- 
onstrations and illustrations of treated and untreated rows in experimental 
plots, and making effective use of information secured by means of ques- 
tionnaires sent to persons! and firms interested in onion cultivation through- 
out the State. Additional notes on the mildew, the Vermicularia, and the 
Macrosporiums of onion, as well as lists of fungi parasitic on the genus Al- 
lium, help to add to the completeness and thoroughness of this pioneer re- 
port, which still stands as significant in its field. 

However, it is perhaps his study of potato scab that is the best known 
of his phytopathological work while at the Connecticut Station. His inves- 
tigation of this disease, his thoroughgoing discussion of its history and of 
the theories as to its origin, his careful and convincing mycologie work in 
separating the secondary fungi, isolating the causal organism and proving 
its pathogenicity, make this one of the most interesting and important of 
his plant pathological papers. The work on potato scab he continued dur- 
ing a second season, confirming by experiments his previous: conclusions, 
answering conclusively the doubt of other investigators as to his results, 
and in the preventive measures that he had found advantageous, empha- 
sizing especially the importance of using seed free from scab. 

That this young investigator, primarily a mycologist in training and in- 
clination, with ready adaptability could turn all the resources of his^ train- 
ing, his knowledge, and his natural ingenuity to the practical problems of 
the control of plant diseases, was well demonstrated also in his work on the 
leaf spot of quince, which at that time had become so serious in Connecticut 
that some orchards were of necessity being abandoned. Enlisting the co- 
operation of some of the growers, Dr. Thaxter made careful experiments in 
spraying with fungicides through parts of their orchards, leaving other 
parts untreated as controls. For this work he devised a spraying outfit, 
consisting of a copper wash boiler with a hand force pump and a Yermorel 
nozzle, and this apparatus, although costing only a little over eight dollars. 
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aad crude in comparison to tlie improved modern types, proved superior to 
tlie Eureka sprayer owned by the station, and is of interest to ns now as 
one of the earliest outfits used in the pioneer days of plant-disease control 
by fungicides in this country. The work on controlling leaf spot of quince, 
which he carried on through the seasons of 1890 and 1891, demonstrated 
conclusively that from a single treated row could be secured a net income 
one hundred times as great as that from an untreated row, and on the prac- 
tical basis of such impressive balance of yield over expense, went far toward 
converting even the most hard-headed and unprogressive growers of that 
time to the then '' new-fangled’' practice of preventive spraying. Al- 
though the major part of his investigation was concerned with quince leaf 
spot, he tried out various fungicides on black rot of grapes as well, and, by 
interesting progressive farmers and growers in cooperative spraying experi- 
ments, secured very satisfactory results with leaf spots of plums and cher- 
ries, and with other diseases such as late blight of potato. His reports on 
spraying and the use of fungicides in plant-disease control took up in detail 
the suitability of various fungicides, the best methods and times of appli- 
cation, the requisite features of the apparatus, the costs involved and the 
yields secured. 

While at the Connecticut Station also, he described Phytophtkora phase- 
ol% a new species on Lima Bean, from the pathologic point of view discuss- 
ing its destruction, distribution, method of spread, and effect on the host, 
and from the myeologic point of view examining its distinguishing charac- 
teristics and establishing it as a new species. It is a tribute to his my co- 
logic knowledge and discernment that this species had retained its specific 
rank through the recent critical physiologic, biometric, and cultural rein- 
vestigations. in which so many species have been relegated to synonymy. 

Shorter papers, both the continuation of his work on Gymnosporangium 
in ^‘The Connecticut species of Gymnosporangium (cedar apples) ” and his. 
study of the fungus in violet roots, Thielavia basicola, although short notes, 
show the same characteristic care and thoroughness in investigation. 

He was mycologist at New Haven for only three years (1888-1891) but 
in this time he contributed definitely to the development of plant pathology. 
His work showed a sound myeological background, a wide knowledge of the 
pertinent literature, a flair for convincing experimentation, a ready inge- 
nuity and adaptability coupled with conservative persistence and exacting 
accuracy. As Clinton,^ in his vice-presidential address on Botany in 
Relation to Agriculture” has pointed out, Dr. Thaxter advanced plant 
pathology materially by important work on the artificial culture of patho- 
genic fungi and by pioneer contributions to plant-disease control through 
preventive spraying for quince leaf blight, seed selection from potato scab, 

3 Clinton, Gf. P. Botany in relation to agrieulture. Science n.s. 43 : 1-13. 1916. 
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and sulphur treatment for onion smut. Yet, through all his earnest devo- 
tion to his work he retained his characteristically dry sense of humor, for 
in his' copy of the report of an annual agricultural convention in 1888, in 
the announcement ‘‘The quartet again favored the audience with a song, 
after which the Chairman introduced as the lecturer of the afternoon, Dr, 
Eoland Thaxter’’ he starred the word “song” and at the bottom of the page 
added in his precise handwriting, “^Entitled “Oh Spare me! Spare me! 
Free me from this pain 1 ” 

Moreover, during these years, although carrying on pathological work 
that would have overwhelmed many men, he still found time to continue 
purely mycological investigations which led to descriptions of interesting 
new genera and species of the Imperfecti in two papers on “Certain new 
or peculiar North American Hyphomycetes” in 1891, and through success- 
ful culture of a Chondromyces parasitic on lichens around New Haven re- 
vealed the true nature of this organism on which as a basis he later estab- 
lished the Myxobaeteriaeeae as a new order. 

In 1891, the period of Dr. Thaxter ’s direct contributions to phytopathol- 
ogy ended and that of his indirect influence as a teacher began, for he was 
called back to Harvard to be assistant professor associated with Dr. Farlow. 
Active in research and in teaching, he was given ever-increasing responsi- 
bility, as Dr. Farlow in 1896 gave up the instruction of undergraduates ; 
and from 1901, when he became full professor, he carried the full burden 
of Cryptogamic Botany until after Dr. Farlow ’s death in 1919 he became 
Professor Emeritus and honorary Curator of the Farlow Library and 
Herbarium, voluntarily retiring to devote his remaining years to his inves- 
tigation of the Laboulbeniales'. 

During these years nearly a thousand students attended eourses under 
Dr. Thaxter or worked with him as graduate students for higher degrees. 
Although these eourses, the more elementary in Cryptogamic Botany and 
the more advanced ones devoted to the fungi, algae, and bryophytes, gave 
no specific intensive training in plant pathology as such, none the less they 
inculcated ideals of exacting accuracy and painstaking thoroughness, fur- 
nished an indispensable background, and gave much directly valuable train- 
ing and information on culture methods, life histories, and measures of pre- 
vention or control. It is true that of the men especially trained for their 
life work by studying as graduate students under Dr. Thaxter, only a rela- 
tively small proportion devoted themselves to plant pathology as a profes- 
sion, yet from this number between 20 and 30 have since been infliuential, 
ranging from some of his earlier students, such as J. B. Eorer and J. E. 
Johnston, whose names are known in tropical plant pathology, and G. P. 
Clinton, H. P. Barss, H. S. Jackson, and J. H. Faull, active in plant pathol- 
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ogj in the United States and in Canada, through E. H. Colley, W. 
A. McCubbin, and 0. P. Burger of more recent years, down to Charles 
Dreehsler and F. C. Meier among the last of the men trained by him before 
he relinquished teaching in 1919. 

His indirect influence on plant pathology, however, was not exerted 
solely through his training such able men as these. His extensive corre- 
spondenoe furnishes ample evidence of the invaluable assistance he gave the 
many pathologists who-, recognizing his extraordinary knowledge of the 
fungi, turned to him for help when in doubt over the identity or behavior 
of obscure or perplexing forms. Moreover, the high standards: of accuracy, 
thoroughness., and completeness which he maintained throughout his own 
work, and upon which he insisted in the work of his students, unquestion- 
ably exerted a beneficial infiuence not only on mycology but on plant 
pathology as well. 

In his later years Dr. Thaxter seems to have gained the reputation of 
being rather critical of plant pathology. It should be remembered, how- 
ever, that he was ever ready to commend and esteem work of high quality 
whether it was done in the field of plant pathology and applied mycology 
or in the more restricted field of pure mycology. He had, it is true, a 
justifiable scorn for incomplete and inaccurate work, work lacking accuracy 
and thoroughness in investigation and experiment, deficient in familiarity 
with the pertinent literature, inadequate in necessary mycological back- 
ground, and inferior in the quality of its presentation and illustrations. It 
was not that he deplored phytopathology as such, but rather that the very 
incompetence and complaisance with poor work which he decried seemed 
to him to be more prevalent in phytopathology than in the academic phases 
of botany. Even the famous ^ ^battle of Kittery Point,” which has become 
a legend where mycologists and plant pathologists gather, was but an active 
expression of this same insistence on high standards, a natural impatience 
that in a campaign toward plant-disease control, involving complex biologi- 
cal problems, power should be vested in those without adequate training or 
knowledge to administer that power to its best ends. For the most part 
Dr. Thaxter ^s reputed scorn for phytopathology is the result of his dryly 
humor O'us allusions in such phrases as ‘‘squirt gun botanists” or “mycol- 
ogy of the stomach and the pocket book.” As he himself had been a pio- 
neer in the control of plant diseases by spraying, the irony of his phrase 
“squirt gun botanists” was obvious to himself as well as to plant patholo- 
gists, and when Clinton once sent him a Connecticut spraying calendar with 
an illustration of Dr. Thaxter 's own hand-made washboiler spray out- 
fit with the inscription “squirt-gun botanist,” he enjoyed the joke keenly 
and hung the inscribed illustration on the wall among his curios. His 
allusions to “mycology of the stomach and the pocket-book” also were but 
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a liiiinoroiis expression of liis regret that suitable opportunities were so few 
that men with great potentialities for productive scholarship were forced 
into rontine governmental or industrial positions. For example, when Dr. 
Lyman, after being the guiding spirit of so many of us who were fortunate 
enough to come under his stimulating influence at Dartmouth, had gone to 
the Federal Horticultural Board, Dr. Thaxter, in discussing possible open- 
ings with the writer, remarked with a sigh, '^Of course one can always get 
some sort of position in Washington, and even able men like Dr. Lyman 
seem to like it there, I’m sure I don’t know why!” He felt that it was a 
great loss when promising men were forced by economic conditions from 
the academic field of education and productive research, because it was his 
sincere conviction that teaching and research were the important and funda- 
mental basis of a cultured and advancing civilization. 

An outstanding scholar and investigator, an effective teacher, his nearly 
fifty years of devoted work exerted a significant influence far beyond his 
own sphere of endeavor, and his death on April 22nd, 1932, was. a great loss 
not only to the field of mycology in which he has become internationally 
renowned, but to the related field of plant pathology as well. 

Laboratories of Cryptogamic Botany, 

Harvard University. 


A CYTOLOGICAL STUDY OF THE TELIOSPORBS, PROMYCBLIA, 
AND SPORIDIA IN PUCCINIA MALVACEARUM^ 

Ruth F , Allen 2 
(Accepted for publication August 20, 1932) 

Puccinia malvaceanm Mont., the rust of Althaea, Malva, and related 
genera, is the cause of a wide-spread disease and has been studied by bota- 
nists in many lands. According to Eriksson (12), the original home of the 
disease is either Chile, where it was found in 1852, or Australia, where its 
presence was recorded in 1857. It was found in Spain in 1869, in Prance 
in 1872, in England and Germany in 1873, in Belgium, Holland, Denmark, 
and Italy in 1874, and so on, throughout Europe. 

Much of the early work on Puccinia malvacearum was devoted to learn- 
ing its life history and mode of overwintering. Kellerman, in 1874 (21), 
recognized it as a short-cycle rust and traced its entrance into the host and 
the development of its mycelium. Plowright, in 1882 (31), followed the 
rust through successive telial generations and studied the formation of the 
promycelia. Both found that the rust overwintered as pustules, in shel- 
tered spots. 

According to Dudley (11), the rust appeared in America in 1886. 
Dandeno in 1907 (8), Taubenhaus in 1911 (37), and Hill in 1925 (16) 
studied the overwintering of Puccinia malvacearum in America, the latter 
concluding that ^^the immature teliospores of Puccinia malvacearum are 
able to withstand the severity of winter in Quebec (minimum temperature 
-35° P.) and germinate the next spring, producing infection of healthy 
plants.’^ 

The extensive work of Eriksson on Puccinia malvacearum in 1911 (12) 
and 1921 (13) was devoted to a proof of the mycoplasm theory, while that 
of Bailey, on this rust, in 1920 (2), consists of a refutation of that theory. 

Robinson, in 1913 (33), studied the relations of Puccinia malvacearum 
to its host, the tissues invaded, and the effects of the fungus upon these 
tissues. 

Sappin-Trouffy, in 1896 (35, 36), published extensive cytological studies 
in the Uredineae, including a brief account of Puccinia malvacearum. He 
found that the mycelial cells are uninucleate and the haustoria ai-e variable, 
f our chuSj Spir ales y rameux, utriculaires, ou meme pelatonnes.^^ ^^Le 

1 Cooperative mvestigations between the California Agricultural Experiment Station 
and the Division of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Depart- 
ment of Agrieulture. 

2 Aeknowledgments are due the departments of Agronomy and Genetics of the Dni- 
versity of California for courtesies extended to the writer during the progress of this 
investigation. 
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d'evcllopcfyiCTit (liTisi l 6 s p}i6U0fyie%6$ ds fccofiddtiou nuclsRr fusion] 
de Id teleutospoTe sont les wiefiies gue ddns les duties Pucci%id.^ ^ The telio- 
spores germinate without a rest period, each cell giving rise to a curved 
promycelium into which the fusion nucleus migrates and then divides twice. 
If the teliospore is immersed in water the development is abnormal, the 
promycelium segmenting into conidia without forming sporidia. 

While there have been a number of more recent cytological investiga- 
tions of this rust, most of them, including the work of Blackman and 
Fraser, in 1906 (4), Olive, in 1911 (30), Werth and Ludwig, in 1912 (39), 
Moreau, in 1914 (28), and Lindfors, in 1924 (22), are concerned primarily 
with the mode of origin of the binueleate condition. 

Jackson, in 1931 (19), in a discussion of the evolution of rusts, cites 
Puccinia malvacearum ^ a mierocyclic form without pycnia, as a type prob- 
ably homothallic, and Ashworth, in 1931 (1), presents as evidence of homo- 
thallism experiments showing that this rust, when grown in monosporidial 
culture, produces normal teliospores. 

In all this work on Puccinia malvdcearum little attention has been given 
to the nuclear details during the formation and germination of the telio- 
spores. As the material is particularly favorable for such a study, the fol- 
lowing account is presented. 

MATERIAL AND METHODS 

Teliospores of Puccinia malvacearum can germinate without a rest 
period, but, if conditions for germination do not occur, they retain viabil- 
ity for a considerable length of time. In July, at Berkeley, California, 
after a month or two without rain, the teliospores germinate with great 
rapidity and in great abundance. Hollyhock leaves, bearing infections, 
were washed and placed in Petri dishes lined with wet paper and the sori 
were fixed at half-hour intervals from 1-| to 5 hours thereafter. 

For the study of the development of the teliospore, a young potted mal- 
low plant was inoculated. A pad of wet paper was placed in a watch crys- 
tal; a rusted hollyhock leaf was placed on it and secured in position by 
rubber bands. A glass cylinder lined with wet paper was set over the plant 
and the watch crystal inverted and placed on it as a lid. A layer of wet 
paper was folded down about the top and secured by a rubber band. This 
placed the germinating teliospores directly over the plant in a small damp 
chamber. The plant was then heavily watered and placed under a green- 
house bench for 48 hours. Infections deTeloped in abundance and mate- 
rial was fixed 10 to 12 days after setting up the inoculation, when the new 
crop of teliospores was developing. 

The material was fixed in Flemming’s medium and weak solutions and 
in chrom-acetic-urea. It was washed, dehydrated, imbedded in paraifin, 
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and sectioned. Safranin and methylene blue were used to stain the young 
teliospores. Iron~haematoxylin was found advantageous in studying the 
mature and germinating teliospores, as it left the heavy teliospore wall 
unstained and so permitted the study of its contents. 



Fig. 1. Pmeinia malvacearum. A to F, stages in the development of the telio- 
^ores; Gr to unclear fusion and prophase of heterotypic division. A to E, xl,020- 
F, X 1,400 ; G to M,x 2,250. ' 



1933 ] 


ALIiEN : PUCCINIA MalvACEARUM 


575 


INVESTIGATIONS 

Teliospores arise from binucleate ceUs. In figure 1, A, is drawn a 
young binucleate cell at a stage just before the initiation of spore forma- 
tion. Nuclei and cytoplasm are concentrating at the distal end of the cell. 
It divides (Pig. 1, B) the terminal cell, aj receiving a pair of daughter 
nuclei and the bulk of the cytoplasm. This is the teliospore initial. The 
basal cell (Pig. 1, B, 5) grows larger, its nuclei move to the apex of the 
cell (Pig. 1, D, u), divide, and a branch pushes out, which receives a pair 
of the daughter nuclei (Pig. 1, 0, 6). This is the beginning of a second 
teliospore. This branch soon becomes isolated from the parent by a septum 
(Pig. 1, P, /). If the sorus is well nourished this may be repeated, the 
same basal cell giving rise successively to 3 and even 4 teliospores. At this 
stage the teliospore initial is not infrequently bent (Pig. 1, C, a), being 
constrained into irregular form by the pressure of adjoining cells. 

The teliospore initial grows and divides, the terminal cell (Pig. 1, E, a) 
becoming the spore and the second cell (Pig. 1, E, 5) its stalk. The termi- 
nal cell becomes larger (Pig. 1, F, a, 1) and divides to form the 2 cells of 
the teliospore (Pig. 1, P, d), while the stalk cell (Pig. 1, P, e) grows 
long and slender. 

Soon after the last division the pair of nuclei in each cell of the telio- 
spore fuse. At the time when the 2 nuclei become flattened against each 
other (Pig. 1, G-) each contains a large spherical nucleolus and a number 
of delicate chromatin strands. 

The nuclear membrane between the 2 now breaks down (Pig. 1, H) and 
the outline rounds out into an ellipsoid. The chromatin strands are fewer 
in number than the sum of those of the 2 component nuclei and are heavier. 
This may be due to a pairing of the strands; in fact, occasional hints of 
this can be seen, although in so minute a nucleus it would be dij03.cult to 
prove. The nucleoles are still some distance apart. A slightly later stage 
is drawn in figure 1, I. The nucleus has grown, the chromatin strands are 
more uniform in diameter, and the nucleoles are fusing. In figure 1, J, 
the nucleolar fusion is complete. At no time has the nucleole been seen 
disconnected from the chromatin strands. It may be that here, as is main- 
tained for higher plants, the nucleole occurs at a definite locus in a chromo- 
some. If so, the nucleolar fusion here would be further evidence of chro- 
mosomal pairing at this stage. The figures G to J are drawn at the same 
magnification (x 2,250) . A comparison of the drawings shows that the vol- 
ume of the nucleus has increased rapidly during the fusion. 

The sequence of the stages represented in figure 1, K, L, and M, is not 
certain, but L and M probably represent later stages. Figure 1, M, resem- 
bles closely the synizesis of higher plants. 
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Figure 2, A, shows a teliospore (drawn at lower magnification than the 
preceding) at the time when nuclear fusion is in progress. In the lower 
cell the 2 nuclei have just comhined ; in the upper, fusion is complete. In 
figure 2, B, is drawn the mature teliospore with its firm wall, dense cyto- 
plasm, and completely fused nuclei. 



Fig. 2. Puceinia malvaoearum. A, maturing, B, mature, and C, germinating telio- 
spore; D, transit of nucleus to promyeelium; B to H, prophases of heterotypic division; 

I, early anaphase. A to C, X 1,400 ; B to I, X 2,250. 
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After 2^ hours in a damp chamber the teliosori are covered with young 
promycelia. Figure 2, C, shows an early stage. The distal cell of the 
spore is just beginning to push out at a and the proximal cell has formed 
a hyp ha, as long as the spore. It contains only cytoplasm, however, for 
the nucleus, is still in the spore, although it is elongating in the direction 
of the germ pore. 

The transit of the nucleus through the germ pore has been seen 2 or 3 
times and in each case the condition in the nucleus is as represented in 
figure 2, D, a (drawn at high magnification). This concentration of the 
chromatin into lumps may be due, at least in part, to bad fixation, although 
it is not clear why this stage should be specially vulnerable when the stages 
just before and after it are well fixed. The exit of the nucleus leaves a 
vacuole, 5, in the parent cell. 

Immediately after its exit into the young promycelium the nucleus ex- 
pands again (Fig. 2, E) and the chromatin loosens up into delicate strands. 
As the prophases of the first division progress, the chromatin threads 
shorten and thicken (Fig. 2, F) until finally the short, thick chromosomes 
can be recognized (Fig. 2, G). During this period a small granule (Fig. 

2, E, a; F, a; G, a) appears at the distal end of the nucleus. It is prob- 
ably not the nucleole. It may be a centrosome such as has been described 
for other fungi, but proof of this is lacking. 

Next, the nuclear membrane disappears and the short, lumpy little 
chromosomes (Fig. 2, H) are scattered loose in the cytoplasm. Each con- 
sists of at least 2 parts and the one at figure 2, H, a, could easily be inter- 
preted as consisting of 4, corresponding to the ‘^tetrads’’ in the heterotypic 
division of higher plants. An attempt has been made in this and subse- 
quent stages to determine the chromosome number. The minuteness of the 
division figures makes this difficult, but when the figures are clearest the 
number appears to be 5. 

The spindle forms with its main axis parallel to the length of the hypha. 
Figure 2, I, shows an early anaphase with the dense little chromosomes 
crowded upon it. Figure 3, A, shows another anaphase with a broader 
spindle on which the chromosomes are better disposed for counting. There 
seem to be 5 in each group of daughter chromosomes. The little dark- 
stained spot at each pole again suggests a centrosome but, of course, may 
be only the denser meeting point of many fibers. Some 40 or 50 such 
division figures have been seen and, whatever it is, this dark-stained polar 
spot is regularly present. 

In figure 3, B, is represented a typical late anaphase. The chromosomes 
have not moved back to the pole at an even rate: 1 pair, c., is still at the 
equator; another, h, 6, is half way to the poles; and the rest, c, c (probably 

3, if one may judge by the shape of the mass), are at the poles. The line 
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from pole to pole, composed presumably of fibers, is regularly present at 
this stage. 

The second diyision follows quickly upon the first; in fact, a resting 
stage between the two is not readily found. Figure 3, C, shows the 2-eell 
promycelium, each cell with a nucleus in prophase. As these nuclei are 
even smaller than those of the first division, little detail can be made out. 



Fig. 3. Puccinia malvacearum. A, B, anaphases of first division; C, prophase, D, 
anaphases, and E, telophases of second division; F, Gr, beginning of sporidium formation, 
A to G, X 2,250. 
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In figure 3, D, the division has made unequal progress in the 2 eeUs: the 
lower cell at^ is in early anaphase; in the upper, division is more advanced. 
In figure 3, B are late telophases. The second nuclear division is quickly 
followed by cell division as the nuclei enter the resting condition. 

The npper part of a 4-eell promycelinm is shown in figure 3, F. Al- 
ready, a blunt projection has pushed out at the apex of each cell (Fig 3 
F, a, h, c) to form the sporidia. Figure 3, G, shows the apical cell of a 




Fig. 4. Puccinm Tmlvacearwm. A, young sporidium; B, mature promycelium; C, 
metaphase and I) to G, telophases of nuclear division in sporidium; H, I, mature 
binueleate sporidia. A to I, x 2,250. 
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promycelinm somewliat furtlier advaneed in the process ; a broad beak has 
formed at a. 

As the sporidial beak elongates, a terminal swelling forms into which 
the nucleus moves (Pig. 4, A, h) leaving the parent cell, a, enucleate and 
with vacuolate cytoplasm. 

Sporidia form in sequence on the promycelial cells, the apical cell com- 
monly taking the lead. In figure 4, B, the terminal cell, a, has discharged 
its sporidium, the second cell, h, bears a nearly mature sporidium, the third, 
c/is just pushing out, and the fourth, d, shows no indication of spore forma- 
tion. 

The nucleus in the young sporidium in figure 4, A, is in the resting 
condition; that of the larger sporidium in figure 4, B, 6, is in prophase of 
division. Figure 4, C, shows a metaphase of division with the spindle 
placed transversely in the sporidium. The chromosome number is probably 
5. Ordinarily the sporidium is discharged before the division is com- 
pleted. Later stages of division are abundant in newly discharged sporidia. 
Figure 4, D, E, P, and G, shows steps in the telophase and reconstruction 
of the daughter nuclei. Sometimes the plane of division is transverse, 
sometimes longitudinal. In figure 4, H and I, the division is complete and 
the binucleate sporidium is ready to germinate. 

DISCUSSION 

A number of cytologists have attempted to study nuclear divisions in 
the rusts, but the nuclei are so small that little detail can be made out with 
certainty. The earlier work (Rosen in 1892 (34), Poirault and Raciborski 
in 1895 (32), Sappin-Trouffy in 1896 (35, 36), and Juel in 1898 (20) ) 
gave scant results. For some of the workers, even the formation of 
a spindle in eonneetion with division was a debatable question. What 
could be seen was painstakingly recorded, but poor fixation had altered or 
destroyed many details. later improvements in the technique, how- 

ever, it has become recognized that nuclear divisions in the Uredineae are 
much like those of higher plants. 

Statements concerning the chromosome number in rusts are usually 
hesitant and qualified ; it is difficult to be certain. Poirault and Racibor- 
ski, in 1895 (32), found but 1 chromosome in a nucleus in Pmdcrmmm 
pini adcolum hink, Puccinia liliaceantm Aecidium leiocospermim 

D. C., and Coleospormm euphrasim (Schum.) Wint. They state that 

... chaque noyau ne contieni qu^un seul chromosome , mats c’est ime 
caryokinese typique.^^ Sappin-Trouffy in 1896 (35, 36) , reviewed later by 
Tischler (38), studied representatives of the genera Bndophyllum, Cronar- 
tium, Melampsora, Thecopsora, Gymnosporangium, Uromyces, Puccinia, 
Phragmidium, Triphragmidium, and Coleosporium and found the ehromo- 
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some number to be uniformly 2, Juel, in 1898 (20), studied Coleospormm 
campanulae (Pers.) Lev. and found no differentiation of the chromatin into 
chromosomes during division. Maire, in 1900 (24) and in 1902 (25), 
found 2 chromosomes in divisions in Pucdnia liUmearum, P. lunii D. C., 
and Endophyllum sempervivi Maire. Holden and Harper, in 1902 (18), 
found 6 to 10 chromosomes in Golesporium sonchi-arvensis My, Black- 
man, in 1904 (3), found “at least lO’V chromosomes^ in the hetero- 
typic division of Gymnosporangium clavariaeforme Eees but found that 
the vegetative divisions are “of such a simple nature that chromosome- 
formation is in complete abeyance.’’ Christman, in 1905 (6), did not 
count the chromosomes but figured more than 2 in divisions in the aecium 
of Caeoma spedosum Pr. Olive, in 1908 (29), found 8 chromosomes in 
Triphragmidium idmariae (Schum.) Link. Hoffman, in 1911 (17), studied 
the heterotypic division of Endophyllum sempervivi My. and found the 
chromosome number to be probably 8. Moreau, in 1913 and 1914 (26, 27, 
28), found 2 chromosomes in Phragmidium sulcoriknim Schrank., Goleo- 
sporium senedonis Pers,, and G. sonohi Pers. Colley, in 1918 (7), working 
on Granartium ribicola Fischer, found more than 2 chromosomes and stated 
that “possibly 8 is the haploid number.” Lindfors, in 1924 (22), found 
4 chromosomes in nuclear divisions in Pucdnia arenariae (Schum.) Wint. 
Dodge and Gaiser, in 1926 (10), studying Gaeoma nitens Burrill, found the 
nucleus polarized in prophase and counted at least 14 loops. 

The chromosome number for Pucdnia malvacearum was not determined 
definitely, but the probable number is 5. 

From the beginning of the work on nuclear divisions in rusts down to 
the present, workers have been divided on the question of the existence of 
a centrosome with or without polar radiations. Among the advocates of 
the centrosome are duel (20), Holden and Harper (18), Blackman (3), 
Christman (6), Olive (29), Moreau (26), Colley (7), and Lindfors (22), 
but, here, as in all other questions affecting certain of the details of mitosis 
in the rusts, the minuteness of the nuclei and of the division figures makes 
it difficult to be certain. 

There is a little evidence of a centrosome in Puccinia malvacearum. It 
is easy enough to find a small speck on the nuclear membrane of the resting 
nucleus and a tiny dark-stained area at the spindle poles during division, 
but this in itself does: not prove the existence of a centrosome. The speck 
on the membrane may be merely one of the cytoplasmic food granules acci- 
dentally located there, and the dark spot at the spindle poles may be just 
the denser meeting point of many fibers. No polar radiations have been 
noted. Until the supposed centrosome can be traced through all stages of 
nuclear division and its' behavior as a centrosome can be proved, it cannot 
be stated with certainty that a centrosome is present in P. malvacearum. 
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The one conspicuous object in resting nuclei of rusts is the single spheri- 
cal nucleole. Students of rust cytology agree that during vegetative 
divisions this nucleole moves out into the cytoplasm, remains there through 
the metaphase, and gradually disappears during the anaphase and telo- 
phase. This has been observed and figured by Poirault and Raciborski 
(32), Sappin-Trouffy (36), Maire (24, 25), Christman (6), Olive (29), 
Dittschlag (9), Hoffman (17), Moreau (26, 28), and Fromme (14). 

Quite different is the behavior of the nucleole during nuclear fusion. In 
Puccinia malvacearumf when the 2 nuclei fuse in each cell of the ripening 
teliospore, the 2 nucleoles, at first far apart, move closer together and then 
fuse. A similar nucleolar fusion in the teliospore (or in the aeciospore, in 
Bndophyllum) has been observed in one or more rusts by Poirault and 
Raciborski (32), Sappin-Trouffy (36), Maire (25), Holden and Harper 
(18), Blackman (3), Hoffman (17), and Moreau (28). So far as can be 
judged, nucleolar fusion during nuclear fusion is of general occurrence in 
the rusts. 

This nucleolar fusion is of interest in connection with the question of 
chromosomal pairing. Heitz (15) has shown that in a number of higher 
plants the nucleoles occupy definite loci on specific chromosomes. A nucle- 
ole appears first in the telophase as a ring around a thin place in a chromo- 
some, then grows larger and rounds out. In the prophase of the next 
division the nucleole disappears gradually, again exposing at the same place 
the thin thread in the chromosome. The much-discussed ‘^satellites’’ of 
chromosomes are merely the portions, large or small, of the chromosomes 
distal to the thin threads left at nucleolar loci. McClintock (23) and 
Burnham (5) have proved that in the reduction divisions of maize when 
the 2 “satellite chromosomes” pair the corresponding nucleoles are brought 
together. 

It is perhaps a far cry from the nuclei of higher plants to those of rusts, 
but the regularity with which the nucleoles move together and fuse in the 
newly fused nucleus at once suggests that here, too, a nucleole occupies a 
definite locus in a chromosome and that it is the synaptic pairing of the 
homologous chromosomes that brings the nucleoles together. 

It is an open question whether the synizesis in figure 1, M, is an arte- 
fact, If so, the chromatin at this stage is exceptionally sensitive to the fix- 
ing fluid, for figures such as this are not infrequent in otherwise well-fixed 
material. Moreover, such figures occur in other rusts and have been re- 
corded by Holden and Harper (18), Blackman (3), Hoffmann (17), and 
Moreau (28). 

The early stages of the prophase of the heterotypic division take place 
in the teliospore cell; the later stages wait until the nucleus has moved out 
into the promyeelium. During transit, the nuclear content becomes so 
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greatly condeiised tliat no detail of chromatin strnetiire is yisible and it is 
difflcnlt to believe that the organization of the chromatin is maintained. 
This, too, has been observed in other rnsts. Blackman (3) says that the 
nnclens is very much constricted and condensed in its passage through 
the pore. ’ Lindfors (22) speaks of the difficulty of making out the struc- 
ture ''wegen des zusammengepressten Zustandes des Although 

this transit takes place during division, the chromatin structure is not lost 
or impaired and division is resumed as soon as the nucleus rounds up again 
in the promycelial tube. 

The 2 divisions follow in quick succession. If there is a true resting 
stage between the first and second divisions it is very brief. A few workers 
(3, 7, 18, 28) have figured it. 

Binucleate sporidia appear to be fairly common in rusts. They have 
been observed by Poirault and Raciborski (32) in GoleospoHum euphrasiae; 
by Sappin-Trouffy (36) in Endophylhim eupharliae sylvaiicm (D. C.) 
Wint. and Pucdnici malvacearum; by Maine (24) in Endophyllwm semper- 
vivi Pers. ; by Holden and Harper (18) in Coleosporiimi sonehi-arvensis; 
by Blackman (3) in Phragmidium violaceum Wint. Sind in Gy mnosparan- 
gium clavariaeforme Rees; by Colley (7) in Cronartmm rilicola; and by 
Lindfors (22) in Puccinia arenariae. 

It has been usually taken for granted, as stated by Blackman (3, p. 
329), that the nuclear division in the sporidium ^'appears to be entirely 
without significance and to be merely a precocious division of the nucleus 
in which the usual wall-formation is delayed’’ and that ‘^the sporidia have 
been observed to give rise to a mycelium with single nuclei.” A few (18, 
32) have assumed that the binucleate sporidium grows directly into binu- 
cleate mycelium. In the ease of Puedma malvaceanmj however, Ashworth 
(1) has figured binucleate sporidia and states that the early mycelium is 
uninucleate. 

Lindfors (22) reports the unique case of Puednia arenariae a lepto- 
puccinia. When the teliospore germinates the nucleus divides twice but 
the promycelium remains bicellular, each binucleate cell of it giving rise to 
a single binucleate sporidium, which grows directly into binucleate my- 
celium. 

Puednia malvacearum is a rust without aeeia or uredinia. It is main- 
tained as a continuous series of telial generations unaccompanied, so far as 
known, by spermogonia. It is of interest, therefore, that there is no hint 
of degeneration in the reproductive processes. In fact, the reduction 
divisions here (in such details as can be seen in these tiny nuclei) appear 
to be as exact and efficient as the corresponding processes in higher plants. 
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SUMMARY 

111 Fuccinia malva^cearum are formed by binucleate basal 

cells each of wliieh may by branching give rise to several spores in succes- 
sion. Each spore initial divides into spore and stalk cell and the spore cell 
divides again to form the 2-eell spore. 

The 2 nuclei in each cell of the spore fuse. The 2 large nucleoles in the 
fusion nucleus fuse and there is some evidence that the chromatin strands 
pair. 

The long slender chromosomes, which wind about the nuclear cavity, 
now shorten and thicken into little lumps that are at least double and pos- 
sibly quadruple. The nucleole and the nuclear membrane disappear. No 
sharply defined equatorial-plate stage has been noted ; the chromosomes, 
probably 5 in number, lie scattered along the length of the spindle. The 
chromosomes divide and pass back to the poles, some arriving ahead of 
others. 

A cell wall divides the promycelium into 2 cells and a second nuclear 
and cell division follows quickly. 

Each cell pushes out a broad beak at its upper end, which swells at its 
tip to form the sporidium. The nucleus moves out into the young sporidium 
and divides, the later stages of the division taking place after the sporidium 
is discharged. Mature sporidia are regularly binucleate. 

University of California, 

Berkeley, California. 
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A NEW SOLEROSPOEA FROM NYASALAND 
William H. Weston, Jr. 1 
(Accepted for publication August 25, 1932) 

Collections within recent years have shown that we may expect the dis- 
covery of interesting new species of Sclerospora, such as 8, northi^ and 
8. noUei,^ on wild grasses in regions in the Eastern Hemisphere where little 
intensive mycological work has been done. It was a fortunate circumstance, 
therefore, that Dr. E. J. Butler, Director of the Imperial Mycological Insti- 
tute at Kew, was called to Nyasaland, Southeast Africa, to- make a survey 
of the diseases of tea and tobacco, because during his years of constructive 
mycological work in India Dr. Butler had become thoroughly familiar with 
the Sclerosporas, the importance and destructiveness of which he had been 
one of the first to emphasize. While engaged in this survey he collected 
8. gramimcola Sacc. Schroet. on Penniseium typhoideum at the Makwapala 
Cotton Station near Zoniba, the first record of this species for that region, 
where it apparently causes considerable destruction, for Dr. Butler found 
as much as 30 to 40 per cent of the heads badly deformed and partly or 
completely sterile as a result of cumulative reinfection through continuous 
planting. Also in March, 1927, among the abundant clumps of wild 
grasses growing in Mr. Evanses tobacco estate at Bulaki, Nyasaland, Dr. 
Butler found a few tufts showing the shredding of the leaves into the 
tangles of fibers that are characteristic of infection by oogonial stages of 
Sclerospora. The host grass as determined at the Kew Herbarium proved 
to be Eragrostis aspera Nees., and material was brought back by Dr. Butler 
for further study. 

On his return Dr. Butler and Mr. E, A. Mason, of the Bureau of Mycol- 
ogy, examined and compared these collections and found that the fungus on 
Eragrostis differed sharply from 8clerQspora graminicola in that the resting 
spores were smaller and had bumpy protrusions from the oogonial wall. 
Knowing my interest in this genus, Dr. Butler generously gave me the mate- 
rial and hospitably extended to me the laboratory facilities of the Myco- 
logical Institute where part of this study was carried on in the summer of 
1930. The fungus proves to be a strikingly distinct species that in the 
bumpy protruding wall and the small size of the resting spores and oospores 
is absolutely distinct from any species described hitherto. Also, it is known 
only on this host from this locality, and its parasitism of this species of 
grass adds another genus and species to the ever-growing list of gramineous 

ISTo. 114, Laboratories of Cryptogamic Botany, Harvard University. 

2 W'eston, W. H., Jr. A new Sclerospora from Fiji. Pliytopath. 19: 961-967. 1929. 

^ IMd. A new Sclerospora from Anstralia. Pbytopatli. 19: 1107-1115. 1929. 
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Fig. 1. A. Portions of leaves of Eragrostis uspera showing the disintegration of 
the leaf tissue into tangled fibers as a result of infection by ScleTospoTa xl. 

jB. Surface view of a heavily infected portion of leaf tissue cleared in laeto-phenol to 
show the crowded masses of resting spores within. x 40. C. Bit of leaf tissue teased 
out to show the resting spores, x 175. B. Cross section of a slightly infected leaf 
showing the occurrence of the resting spores within, x 40. E. Similar cross section 
more highly magnified to show the position of the resting spores. X 175. 
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hosts for the Sclerosporas. In the hope that because of these features the 
fungus may prove of interest to others, a brief discnssion of it is presented 
in the following note. 

EFFECT ON THE HOST 

On the Eragrostis the fungus produces a general withering and brown- 
ing of the leaf until in later stages of development the mesophyll tissue 
between the bundles is destroyed (Pig. 1, B, D, E) and the leaf shreds 
out into tangled snarls of fiber. (Pig. 1, A.) This symptom is -well known 
as characteristic of most of the species of Sclerospora in their oogonial 
phase. In this Nyasaland material the slender, elongate discolorations of 
the leaf tissue that appear early in the development of the parasite have 
almost disappeared and no traces of any eonidial phase are present, nor 
did Dr. Butler encounter any in the field. 

characteristics OF THE FUNGUS 

Of the mycelium, as would be expected in an oogonial phase so far 
advanced in development, only fragmentary traces remain here and there. 

The resting spores are developed in the mesophyll in great numbers, 
disorganizing the tissue until they come to occupy practically all of the 
space between the fibrovascular bundles. In leaves properly cleared (Pig. 
1, B) they can be seen in this position before the disintegration of the epi- 
dermis of the leaf permits them to scatter. These resting spores, as is char- 
acteristic of the genus, comprise a heavy outer wall, which morphologically 
is the thickened modified wall of the oogonium, closely enclosing the single 
thick-walled oospore within. (Pigs, 1, C, and 2, B.) 

The oogonial wall is relatively thick, ranging from 4 to 10 p (inclusive 
of protrusions), approximately i of the total diameter of the resting spore. 
The surface is furnished with the blunt, rounded protrusions that are 
characteristic of the species and unknown for any other Sclerospora de- 
scribed hitherto. These protrusions, which may be rounded conical to 
tapering papillate or finger-like (Pig, 2), vary from 2p in width at the 
base and 2 p high, up to 3 or 4 p at the base and 4 or 5 p high. They are 
solid, not hollow; pallid, almost hyaline, in marked contrast to the dark 
body of the oogonium wall; and distinctly modified in substance, reacting 
differently to treatment with stains or with chloro-iodide of zinc. The color 
of the main shell of the oogonial wall is variable in the many hundreds of 
spores examined but ranges from a pallid golden to a dark amber or resin, 
i.e., from the Mars Yellow or Eaw Sienna to the Sudan Brown or Antique 
Brown of Ridgway.^ 

4 E-idgway, Robert. Color standards and color nomenclature. 43 pp. ; 53 col. pis. 
Washington, D. C., 1912. 
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Fig. 2. A. itesting spores of Sclerospora Butleri in. surface view, sliowiug the pale, 
bullate, or papillate protrusions from the surface of the dark oogonial wall, x 500. 
B. Besting spores seen in optical section showing the hyaline protrusions, the dark body 
of the oogonial wall itself closely enveloping the spherical pallid oospore within, x 500. 
G. Surface view of a typical resting spore more highly magnified, x 700. D. Two rest- 
ing spores seen in optical section showing, adhering to the exterior of the spore, struc- 
tures that in 18 might be antheridia but, in 19, seem to be portions of the stomata! 
structure from the epidermis beneath which the spore was developed within the tissue of 
the learf. x700. E. Besting spore cracked open to show the relative size and position 
of the oospore within. x700. F. Besting spore cracked open, freeing the enclosed 
oospore that now lies beside it. x 700. Camera-lueida drawings, scale in microns. 

This outer oogonial wall fits closely to the single oospore within and en- 
clasps it so adherently that only with difficult and careful manipulation can 
the oospore be freed. (Fig. 2, E and P). Rarely slight gaps are notice- 
able between the oospore wall and the inner surface of the enveloping oogo- 
nium coat that encloses it. (Pig. 2, B, 13, 15). The oospore is usually in 
an approximately centric position, as the oogonial wall is of almost even 
thickness throughout. (Pig. 2, B). Very seldom do any fragments of an 
oogonial stalk remain attached; a contrast to Sclerospora nololei in which 
this is a common occurrence. Very rarely also are adherent fragments seen 
that might be interpreted as traces of attached antheridia (Pig. 2, B, B) ; 
more commonly such fragments seem to be adherent remains of stomatal 
guard cells from the adjacent epidermis of the leaf. (Pig. 2, D). 

In size the resting spores vary greatly, but, in general, the outer dimen- 
sions, including the protrusions, range from 29 to 40.9 p, with average 
diameters of from 33 to 36.9 p perhaps most commonly encountered 
(Table 
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The single oospore within, almost exactly spherical, and the smallest of 
any Sclerospora yet known, ranges from 15 to 26.9 p in diameter, most fre- 
quently 19 to 22.9 p (ef. Table 1). The wall is smooth, hyaline, from 2 to 
3 p in thickness, most frequently averaging 2i to 2| p. The content shows 
a finely granular matrix, hyaline or of grayish protoplasmic color, with 
occasional oil globules that do not, however, make any definite pattern of 
associated droplets nor any definitely eccentric or centric position of single 
drops. Attempts to induce germination of the resting spores have all been 
unsuccessful thus far. 


TABLE 1. — Meas'iirements of the diameters of 100 resting spores of Sclerospora 
Butlerij n. sp., and of 200 oospores, arranged in si^e classes to show frequencies 


Diameters of resting spores 

Diameters of oospores 

Classes 

M- 

ISTo. of resting spores 
in 100 

Classes 

p 

No. of oospores 
in 200 

21 to 22.9 

1 

15 to 16.9 

2 

23 to 24.9 

1 

17 to 18.9 

18 

25 to 26.9 

0 

19 to 20.9 

73 

27 to 28.9 

1 

21 to 22.9 

92 

29 to 30.9 

10 

23 to 24.9 

14 

31 to 32.9 

13 

25 to 26.9 

1 

33 to 34.9 

25 



35 to 36.9 

24 



37 to 38.9 

15 



39 to 40.9 

9 



41 to 42.9 

1 




IDENTITY OF THE FUNGUS 

Even though the material is scanty and consists of resting spores alone, 
as no conidial phase is known, the fungus stands out as quite distinct from 
any of the Sclerosporas hitherto described. The small size of the oospores 
and the bullate or papillate character of the exospore are sharply distin- 
guishing features. The size of the oospores, ranging from 15 to 26.9 p and 
most commonly 19 to 22.9 p, is distinctively smaller than that of the 
oospores of Sclerospora nohlei, hitherto the smallest known, with their 
diameter most frequently 25 to 26.9 p. Coupled with the small size of these 
oospores of this new Sclerospora on Bragrostis in Africa is the relative 
thickness of the wall, which commonly is 2 to 3 p, approximating that of 
oospores in species of much greater diameter and twice as heavy as those 
of S. nohleif which commonly are 1 to 1.5 p in thickness. 

It is the bluntly rounded to papillate protrusions from the surface of 
the exospore, however, that most sharply distinguish this species. By these 
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protmsions the surface of the exospore is given an appearance wholly un- 
like the irregularly ridged, angularly winged, polygonally faced to patchily 
scabrous contour typical of most species. Nor does the bullate or papillate 
surface of the spores of this new Sclerospora approximate that of the spores 
of Sclerospora noblei, whose dark, bluntly rounded, knobby projections are 
of the same dark color as the remainder of the oogonial wall, few in num- 
ber and sulBeiently large and irregular in many cases to render the whole 
Spore unsymmetrical. In this new species from Africa, on the contrary, 
the protrusions are pallid, in marked contrast to the dark body of the oogo- 
nium wall, numerous, often close together, and, although varying in size, 
in general follow the contour of the oogonium, so that the profile outline 
inclusive of the projections is usually approximately spherical. Not only 
do these structural characters mark this species as distinct, but also' the host 
on v/hich it occurs, Eragrostis aspera, is new to the long list of grasses para- 
sitized by various species of Sclerospora. 

For these reasons, even though the writer is reluctant to describe as new 
a fungus with an incompletely known life history, it seems necessary to 
recognize this as a separate species. It is therefore described as follows : 

Sclerospora Butleri, n. sp. Oogonium (outer portion of the resting 
spore) approximately spherical to irregularly subspherical ; 29 to 40.9 p in 
diameter, most frequently 33 to 36.9 p; pallid golden to dark amber or resin 
color (Mars Yellow or Raw Sienna to Sudan Brown or Antique Brown, 
Ridgway^), the dark body of the oogonial wall of relatively even thickness 
ranging from 4 to 10 p exclusive of protrusions, the surface set with numer- 
ous bluntly rounded, papillate to finger-like protrusions, pallid, almost hya- 
line, in contrast to the dark body of the oogonial wall, and approximately 
2 p in width at the base by 2 p high, to 3 or 4 p at the base and 4 or 5 p 
high. Oospores occupying an approximately central position within the 
enveloping oogonium, the oospores regularly spherical, small, most fre- 
quently from 19 to 22.9 p in diameter, the wall hyaline, usually 2 to 3 p in 
thickness, content with a finely granular matrix, hyaline or grayish, with 
one or several oil droplets not arranged in any definite pattern. 

G-ermination of the resting spores not yet observed. Conidial or 
sporangial phase unknown. 

Occurring on Eragrostis aspera Nees. at Bulaki, Nyasaland, Africa, col- 
lected by Dr. B. J. Butler in March, 1927. 

Specimens deposited in the Farlow Herbarium, Harvard University. 

Oogonia sphaeriea vel irregulariter subsphaerica, 29-40.9 p diam., sae- 
pissime 33-36.9 p, flava vel flavo-brunnea (^‘Mars Yellow’’ vel Raw 
Sienna” deinde Sudan Brown” vel ^ ‘Antique Brown, ’ ’ Ridgway) * tunica 

5 See footnote 4. 
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eolorata eircuna circa aequali, 4r-10 |j crassa protrusionib'cis exclusis; protru- 
sionibns hyalinis vel pallidis, papillosis yel rotundato-conicis, 2~5 |i alti^, 
ad bases 2-4 [i diam. ; oosporis eentricaliter dispositis, globosis, saepissime 
19— 22.9 p diam., episporis hyalinis 2-3p erassis intus granulosis hyalinis 
vel griseis, gnttulis 1-oc irregulariter dispositis. Germinatione oosporae 
nondnm visa. Conidiis vel sporangiis ignotis. 

. Hab. in toliis Eragrotis aspera Nees. Bulaki, Nyasaland, Africa, coll. 
E. J. Butler, Mar. 1927. 

niscussiON 

Onr knowledge of this Sclerospora, even though at present rather 
scanty, involves certain interesting features. 

In the first place, the occurrence of this Sclerospora on Eragrostis 
aspera a>ddiB another representative to the list of gramineous hosts known 
to harbor species of this destructive genus. Of the distribution of the 
fungus on this host little can be said, for, while it is known at present only 
from this one locality in Bulaki, Nyasaland, the host on which it occurs, as 
indicated by the collections in the Kew Herbarium and by the ranges of 
geographical distribution given in various floras, is common through tropi- 
cal Africa, occurring from the seacoast up to over 6,000 ft., from Natal 
and the Cape, up through the Belgian Congo, Tanganyika, Kenya, the Brit- 
ish Bast Africa Protectorate, Zambesia, Sudan, Uganda, Belgian Congo, 
Nigeria, Rhodesia, Angola, Sierra Leone, Kamerun, the Gold Coast, up into 
Somaliland, Abyssinia, and Eritrea. It seems wholly probable, therefore, 
that more intensive mycologic collecting in these regions may discover this 
species of Selerospora elsewhere throughout the range of its host. It is 
even possible it might be found as well on other related hosts in this region 
or elsewhere in Nyasaland, from which as yet only this fungus and the 
wide-spreadBcZarospom gramiTdeola GoUeQted. by Dr. Butler on Pennisehim 
typhoideum hsive heen reported. 

In the second place, the fungus is of interest in itseK because of the dis- 
tinctive pallid, papillate protrusions from the surface of the exospore, a 
structural feature quite in contrast to the contour and surface sculpturings 
of any species of Sclerospora known hitherto. So unusual is this wall 
character for a member of this genus that it might be argued that this 
fungus may not prove to be a Sclerospora at all. The small size of the en- 
tire resting spore and of the oospore contained within, the papillate or bul- 
late protrusions from the exospore surface, the lack of any recognizable 
extensive peronosporaceous mycelium, and the lack of any conidial or zoo- 
sporangial nonsexual reproduction typical of the downy mildews, might be 
advanced as evidence that this is one of the Chy tridiales allied perhaps to 
Cladochytrium or Physoderma. Yet, the size, although smaller than that 
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of any other known Sclerospora, is approached by that of Sclerospora 
noUei, while the bnllate surface of the exospore, although a eharacter never 
encountered hitherto in any species of Sclerospora, is not in itself a valid 
reason against inclusion in this genus, since, in species of other genera of 
the Peronosporales, such as Albugo, strikingly different surface sculptur- 
ings may occur. The lack of any eonidial phase in the present scanty mate- 
rial may mean no more than that such a phase has not yet been found, for, 
until recently, no such stage had been discovered for S, noUei, while in the 
case of 8, farlowii and 8. 'northi the justice of their inclusion in Sclerospora 
is unquestioned, even though no eonidial phase has yet been discovered for 
either of them. Also, the absence of a recognizable peronosporaeeous myce- 
lium is not unusual in mature oogonial material of most species of Sclero- 
spora when leaves are in an advanced stage of shredding, as in this. More- 
over, the fact that this fungus parasitizes one of the Gramineae and 
produces ultimately the shredding of the leaves into tangled fibers is an 
indication of its being one of the Selerosporas, a conclusion supported still 
further by the fact that the resting spore has the general Sclerospora struc- 
ture of a heavy exospore closely enveloping the single oospore within. 
Obviously, there is great need for further study of the life history of this 
species, and it is to be hoped that some one strategically located in the re- 
gion where it occurs will carry on investigations to increase our scanty 
knowledge of the fungus and to settle any doubts as to its identity and 
relationship. 

As to the possible economic importance of this fungus, little can be said 
at the present state of our knowledge concerning it. It might, of course, 
have the beneficial effect of helping to keep down this grass in its role as a 
troublesome weed in coffee plantations and other cultivated areas. On the 
other hand, it should be noted that from the Gold Coast Eragrostis aspera 
is reported to be a forage grass of value, being relished by horses at all 
times, although eaten by cattle only when it is young, while in Ehodesia 
large quantities are grown and sold in the market for hay and the racing 
stables use it commonly. If this Sclerospora proves as seriously destruc- 
tive to this grass as other Selerosporas are to many other valuable culti- 
vated or forage Gramineae, it may well become an important disease. 
Moreover, the possibility of its transferring to other more valuable grasses 
cannot be overlooked. The genus Eragrostis, occurring in the tribe Pestu- 
ceae of Hitchcock under the subfamily of Poacoideae, comprises over a hun- 
dred species, both tropical and temperate, some of which are of importance, 
while among the 30 to 40 genera ih the same tribe there are others, such as 
Bromus, Phragmites, and Arundo, already known to be hosts for species of 
Sclerospora. 
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SUMMARY 

This paper discusses a Sclerospora causing browning, withering, and 
ultimate shredding of the leaves of Eragrostis aspera in Nyasaland, where 
it was collected by Dr. E. J. Butler. 

In its resting-spore stage, the only reproductive phase yet known, the 
surface shows distinctive, rounded, bullate or papillate protrusions from 
the darker exospore, while the oospores within are the smallest of any 
Sclerospora yet encountered, even smaller than those of Sclerospora noilei. 
The species is described as S. Butleri, n. sp., and its distinguishing features 
of structure and surface configuration are discussed. 

That the host, E. asperayi^ an addition to the list of grasses parasitized 
by species of Sclerospora is noted, and questions of distribution and possi- 
ble economic importance are discussed. 

Laboratories OP Cryptogamic Botany, 

Harvard University. 




STEM CANKER OF CROTALARIA SPECTABILIS CAUSED 
BY DIAPORTHB CROTALARIAB, N. SP. 

GtEorge F . Weber 
(Accepted for publication August 19, 1932) 

INTRODUCTION 

In the summer of 1930, at Gainesville, Florida, Crotalaria spectaUlis 
Eoth. plants were found bearing cankered areas on the stems which ap- 
parently had been caused by a fungus. Cultures of a fungus were obtained 
from the pith under the cankered areas and were observed for a year, but 
no signs of sporulation developed. During 1931, additional isolations were 
made and the fungus obtained was indistinguishable from that obtained 
during the previous season. Blossoming Crotalaria plants, grown in pots 
in the greenhouse, were inoculated with mycelium of the fungus and in 10 
days stem lesions developed that, after 2 weeks, were typical of those on 
the plants in the field. Pycnidia developed on the inoculated plants, which 
contained spores typical of the genus Phomopsis. Careful observations in 
the field revealed similar fruiting structures on diseased plants and buried 
perithecia with long hair-like necks containing Diaporthe-like spores on old 
Crotalaria stems of the previous season’s growth. The pathogenicity of 
the organism has been established, its imperfect and perfect stages have 
been connected in culture and through inoculation experiments, and the 
disease and the parasite are described herewith. 

THE DISEASE 

While studying Crotalaria diseases (3), in 1930, stem canker was dis- 
covered in a small plmtbxg oi G, spectaMUs at Gainesville. During the 
following season it reappeared in a more epidemic form, and further ob- 
servations showed that it was present in all plantings of C, spectabilis in 
the vicinity of Gainesville. It was also found in the vicinity of Leesburg 
and Lake Alfred. The percentage of infected plants at Leesburg and Lake 
Alfred was about the same and relatively small, but at the station where 
Crotalaria had been planted on the same land during consecutive years and 
the old stems from previous seasons were used as a mulch for trees border- 
ing on the field the percentage was very high. In this planting more than 
90 per cent of the plants were infected and 30 per cent were killed by 
blossoming time. Other fields visited in 1931 showed from 15 to 20 per 
cent infected plants. The disease has been found only on G. spectabilis ^ at 
present the most extensively grown species in the State. 

Description^, The disease appears first in summer when the host plant 
is in bloom. At this time the plants are from 3 to 6 ft. high and the stems 
are from ^ to 1-| in. in diameter at the soil line. 

■ ■ ' ■ 696 •, • 
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Fig. 1. Stem cankers on Crotalaria caused by Diaporthe crotalariae, showing various 
stages of development. 


The stem lesions (Figs. 1 and 2, A) usually occur a foot or more above 
the soil line and below the branches of the inflorescence on plants in thick 
stands, while they occur at the soil line or within a foot of it in the more 
bushy plants of thin stands. 

With few exceptions infection of, the main stem occurs through leaf or 
branch scars. Having entered the stem, the fungus invades all parts of it 
rapidly, involving an area of 6 to 8 in. on each side of the infection point 
in a few days. As a rule, the stems are invaded for a distance of several 
inches before the parts of the plant above show symptoms of decline. The 
young lesions are a wood-brown (4) color, at first, but, as they enlarge, they 
become zonated by the formation of grayish white bands of mycelium 
underneath the epidermis (Fig. 1). This type of zoning is very charac- 
teristic of the disease and becomes more pronounced until the plants are 
killed. On plants growing in thin stands that develop branches close to 
the ground, infection usually takes place around the base of the branches. 
Lesions on such plants are less extensive and less characteristically zoned, 
although infected plants usually are killed. 

With few exceptions pycnidia develop sparingly on the lesions. (Fig. 
3, A). Occasionally, a lesion was found thickly dotted with imbedded 
pycnidia, which became erumpent during wet weather, and conidia exuded 
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Fig. 2. A. Crotalaria spectahilis plants, showing 
the lower portion of a number of the stems. B. One- 
mulch. On these the perithecial stage was found. 
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froitt them in yellowish tan tendrils or masses. Conidia were seldom found, 

however, until after the plant was killed. 


I 

! 



j 


Pig. 3. Diseased Crotalaria stems. A. Pyenidia witli spore horns exuding. 
Mycelium. C. Perithecia from nature. D. Perithecia developed in culture. 


The peritheeial stage of the fungus was found on current season’s 
growth several months after it had been killed and on old stems of the 
previous season’s crop. (Fig. 3, C.) 


THE CAUSAIi OEGANISM 

Isolations. The first isolations were made from cankers on the stems. 
Considerable difficulty was experienced because of the loose porous pith, 
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in disinfecting the diseased material sufficiently to eliminate contaminants. 
Successful isolations were obtained, however, when the ends of the diseased 
stalks were recut in the laboratory and immediately sealed with melted 
paraffin, previous to disinfection in corrosive sublimate 1 : 1,000 for 15 
minutes. The organism secured grew well on potato-dextrose agar, pro- 
ducing a dirty- white, flocculent, aerial growth characteristic of species 
of Phomopsis. A large number of isolations were made from these diseased 
areas in which the same fungus was obtained consistently. Cultures of 
this organism have been kept on potato-dextrose agar and transferred in 
the laboratory for a year and a half and no signs of sporulation have devel- 
oped. On sterilized Crotalaria stems it produced pycnidia and pycnospores 
sparingly. 

In the summer of 1931 spore horns were observed exuding from pycnidia 
on lesions on plants in the field. These specimens were examined in the 
laboratory and were found to contain both the small ovoid spores and 
stylospores characteristic of the genus Phomopsis. Cultures obtained from 
the infected pith underneath stem lesions and from single pycnospores 
obtained from the exuded spore horns were indistinguishable and resembled 
in every respect the fungus isolated the previous year from the diseased 
areas on the plant. 

After the disease was definitely found to be caused by a species of 
Phomopsis, a search was made on old diseased plants for a Diaporthe that 
might possibly be the perfect stage of the fungus. Several piles of one- 
year-old Crotalaria stems, used as mulch around fruit trees, showed that a 
good percentage of the stems bore perithecia of a Diaporthe. (Pig. 2, B.) 
Single ascospore isolations were made and the resulting mycelial growth on 
potato-dextrose agar was comparable to that produced by the fungus 
isolated from infected host tissue and from pycnospores. The cultures 
obtained from ascospores produced perithecia on potato-dextrose agar after 
3 weeks, which were comparable with those on old Crotalaria stems. The 
mature asei and ascospores thus produced in culture were indistinguishable 
from those developed in nature on Crotalaria stems. Sterilized Crotalaria 
stems were inoculated with potato-dextrose-agar cultures obtained from 
mycelium in the host tissue, from pycnospores, and from ascospores. After 
several weeks the stems inoculated with mycelium originating from asco- 
spores showed perithecia typical of Diaporthe and similar to those found in 
nature on old Crotalaria stems. (Pig. 3, D.) Careful examination of these 
cultures a week later showed that all of them were producing both pycnidia 
and perithecia containing mature pycnospores and ascospores, respectively. 
The stems inoculated with cultures obtained from isolated mycelium and 
pycnospores produced pycnidia but riot perithecia. 
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Pathogenicity. Blossoming Orotaliaria plants, growing in greenlioiise 
pots, were inoculated witli mycelium, pycnospores, and aseospores of the 
fungus. The mycelium growth on the surface of agar plates was cut in 
strips for convenience in inoculating plants. The spores were used in water 
suspensions. The inoculum in all instances was placed on the leaf sears 
where leaves were freshly removed or in incisions made through axillary 
buds. The inoculated areas were then closely covered with adhesive tape, 
which extended about an inch above and below the wound. The disease be- 
gan to show on the stems beyond the tape-covered areas after 14 days. The 
data obtained from the experiments are shown in table 1. 


TABLE 1 . — JKesults of inoculations on Crotalaria specta'bilis with Diaporthe crotalariae ^ 

December l&Sl 



Number of plants 

±JULUC* U.JL LlJJLJl 

Inoculated 

Diseased 

Mycelium 

18 

18 

Pycnospores 

12 

10 

Aseospores (nature) 

14 

9 

Aseospores (culture) 

15 

10 

Sterile water 

6 

0 


These inoculation experiments show that the mycelium and spore forms 
of the fungus are pathogenic on Crotalaria specta'bilis. Characteristics of 
the disease produced by each of the inoculations were similar, and, after 3 
or 4 weeks, they could not be distinguished, except by the labels. The 
plants inoculated with mycelium developed a higher percentage of infection 
and the resulting disease developed more quickly than that present in 
plants inoculated with aseospores or pycnospores. Four weeks after in- 
oculation pycnidia appeared on several of the plants inoculated with 
pycnospores and aseospores. The diseased portions of these stems were 
removed and placed in moist chambers in the laboratory and after several 
weeks perithecia developed on all of them. The perithecia were imbedded 
between the wood and bark and had long hair-like beaks comparable to those 
found in nature and those developed on agar and sterilized Crotalaria 
stems. Both spore forms that developed on the inoculated plants were 
comparable with those found in nature. 

Thus, briefly summarizing, the pycnidia and pycnospores found in na- 
ture were comparable with those produced in culture from spore isolations. 
The ascigerous stage developing on the host from pycnospore inoculations 
was the same as that found in nature. Likewise, the perithecia and asco- 
spores developing from isolated aseospores on the host and in culture were 



602 


Phytopathology 


[VoL. 23 


the same as tliose found in nature. The ascigerous stage was produced from 
the imperfect stage through the host and the imperfect stage from the 
ascigerous stage. The ascigerous stage was not developed in artifleial cul- 
ture from the isolated mycelium or pycnospores. 

Taxonomy. A careful study of the literature failed to reveal a similar 
fungus on any species of Crotalaria. However, it was learned that 
Diaporthe has been reported on plants in closely related genera, but these 
are apparently quite different from the species discussed herein. Other 
diseases of economic importance caused by similar fungi have been reported 
by Harter and Fields (1), Jenkins (2), and Wolf (5) on sweet potato, rose, 
and citrus, respectively. Since D. citri (Faw.) Wolf is very common in 
most citrus groves and C. speciaMlis is grown extensively as a cover crop 
in these plantings, some connection might be possible, but cross inoculations 
with the citrus organism failed to produce infection on the crotalaria. 

It has been concluded after careful study that the disease on Crotalaria 
is undescribed and is caused by a hitherto undescribed fungus. Con- 
sequently, the parasitic fungus is described as follows ; 

Diaporthe crotalariae, sp. nov. 

Synonym : Pycnidia — Phomopsis crotalariae, n. f. nom. 

Pycnidial stage; Pycnidia on killed areas of stems imbedded under epi- 
dermis, irregular to subglobose, scattered, black, thick- wall, simple or 
chambered, pseudoparenchymatous, rupturing irregularly, erumpent at ma- 
turity, 200'-450 jj in diameter. Pycnospores : ovate to elongate, hyaline, gut- 
tulate, unicellular, 5.9-10 x l,9-2.8 ^i, average 7.73 x 2.88 p. Sporophores : 
simple hyaline tapering to apex, 15.4-26.6 p long. Stylospores: not common, 
slender, hyaline, hooked, 16.6-30.94 x 1.8-2.3 p. 

Perithecial stage: On dead stems of the host 3 months to 1 year after 
being killed, single or gregarious, imbedded in stromata between bark and 
wood, globose to lens-shape, black, pseudoparenchymatous, walls 220-380 p 
in diameter. Beaks protruding through bark, 1-2 mm. long, mostly 1-1| 
mm. tapering, black with brownish rounded tip, hairy on surface, ostiole 
about i diameter of beak, apical pore circular. Asci; subsessile, elongate- 
elavate, sides often irregular, apex slightly thickened with pore, average 
34.01 X 6.85 p, 44 per cent measure 34.2 x 6.84 p, aparaphysate. Ascospores : 
irregularly biseriate, hyaline, ellipsoid, obtuse, bicellular, slightly con- 
stricted at septum, each cell biguttulate at maturity, 9.12-12.31 x 2.28-3 p, 
average 10.95 X 2.5 p, (Fig. 4.) 

Produces stem and branch cankers on Crotalaria spectaiilis, Pycno- 
spores found on recently killed parts, while ascigerous stage found on same 
parts after 3 to 6 months. Type material in the herbarium of the Florida 
Agricultural Experiment Station, Gainesville, Florida. 
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Pig. 4. Semi-diagramatic camera-lueida drawings of spore forms of Diaporthe 
croialanae. A. (1) Pycnidium and exuded pycnospores; (2) sporophores ; (3) stylo- 
spores; (4) pycnospores. B. (1) Longitudinal section of perithecium and cross-section 
of beak; (2) asci; (3) ascospores. 

SUMMARY 

A stem disease of Crotalaria spectabilis, distributed in central Florida, 
is described for the first time. 

In certain fields at blooming time 30 per cent of the plants have been 
killed and 90 per cent infected by the disease. 

The disease has been reproduced in inoculation experiments by using iso- 
lated mycelium, pycnospores, and ascospores of the fungus as inoculum. 

The ascigerous stage has been obtained from the imperfect stage through 
inoculated plants. The imperfect and ascigerous stages have been obtained 
both in culture and through inoculated plants from the ascigerous stage. 
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The imperfect stage of the fungus is described as Phomopsis crotalariae, 
n. f. nom., and the ascigerous stage is described as Biaporthe crotalariae, sp. 
nov. 

Florida Agricultural Experiment Station^ 

G-ainesvillb, Florida. 
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THE PATHOLOGY OF TOBACCO BLACK SHANK 

F RED EEIC K T A YL OR W 0 LF 1 
(Accepted for publication August 15, 1932) 

INTRODUCTION 

Nearly every study that has been made of the tobacco disease, black 
shank, caused by Phytophthora nicotidwe Breda de Haan, has made refer- 
ence to the rapidity with which infected plants wilt and die. In most 
cases only 4 or 5 days are required to produce a wilting that involves the 
entire plant, and, after 2 or 3 more days, the plants succumb. There 
appears to be too little destruction of the cortex and pith to result in rapid 
collapse and subsequent death of the plant, especially since the xylem 
tissues are intact or only slightly invaded. Nolla (15), in his account of the 
histology of the disease as it occurs in Puerto Pico, states that the hyphae, 
which are both intra- and intercellular, invade parenchyma tissues and 
cause their dissolution. 

Up to the present, the pathological studies of this disease, both as it 
occurs in the East Indies and in this country, do not account for the 
rapidity with which infected plants wilt. It seemed advisable, therefore, 
to inquire into the possibilities of the production of toxins, enzymes, acids, 
or alkalis to explain this phenomenon. The literature on these subjects is 
too voluminous to be summarized herein, but the following investigations 
are deemed pertinent to the present study. 

Although the matter of toxin production by plant pathogens is not yet 
completely understood, it has received considerable attention. As long ago 
as 1913, Hutchinson (13) performed experiments with Bacterium solana- 
cearum E. P. Sm., the organism causing tobacco wilt, which led him to be- 
lieve that the production of toxic substances is, in the last analysis, 
responsible for the symptoms exhibited by diseased plants. Coons (5), in 
1916, concluded that the wilting of potatoes caused by Fusarium oxysporum 
Schl. is attributable to poisons generated by this fungus. Additional evi- 
dence adduced by Haskell (9), in 1919, discredited the previously accepted 
theory advanced by Smith (19) 20 years before, which held that plants 
infected with species of Fusarium wilt because the mycelia in the xylem 
block the tracheae, thus shutting off the supply of water to the leaves. 
Of this, Haskell says, ‘ ‘ The writer has examined the stems of many plants 
microscopically and found no instance of a stoppage of the trachea sufficient 
to shut off the passage of sap. . . . The theory that one or more toxines 
are responsible is much more plausible/^ Young and Bennett (23), work- 

1 The writer wishes to express his appreciation to Dr. F. A. Wolf, at whose suggestion 
the present problem was undertaken and with whose help and guidance it was completed. 
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ing witli tile same disease, definitely established the fact that P. oxysporum 
produces a substance toxic to potato plants. Gross (8) found that the kill- 
ing of potato plants by F. eumartii C. W. Carpenter is not due to a blocking 
of the tracheae. 

In 1924, Farrell (7) reported that the wilting of tomatoes in Kansas by 
Fmarium lycopersici Sacc. is caused by an enzyme. White (22) and 
Haymaker (10), however, working with the same disease, concluded that 
this wilting is the result of the production of toxic substances. Bewley (3) 
reported that the so-called ''sleepy disease,'' another tomato wilt, is due 
to an exoenzyme secreted by Verticillmm allo-atrum Reinke and Berth. 
Picado (17) subsequently showed that the symptoms of sleepy disease are 
caused by a chronic poisoning of the plant tissues. 

Ajrekar and Bal (1) suspected that toxins are produced by the cotton- 
wilt organism, Fusarium vasinfectum Atk. In 1926 Rosen (18) demon- 
strated that 2 separate and distinct toxins, one an alkaline substance and 
the other a salt in the form of a nitrite, are produced by the cotton-wilt 
pathogen. Brandes (4) stated that toxins are probably a proximate cause 
of banana wilt, P. cubense E. P. Sm. The green mold, PenicilUum 
expansum Link, was described by Barnum (2) as being capable of secreting 
substances toxic to plants. Pahmy (6) found that F, solani Schl. excretes 
a toxic material that "produces a rapid wilting of cut bean stems when 
these are placed in the filtrate of the fungus." The halos surrounding 
lesions produced by tobacco wildfire, Bacterium tahacum Wolf and Poster, 
have been attributed by Johnson and Murwin (14) to a toxin. 

In his experiments 'with. Fusarium solani^ Pahmy (6) noted the increase 
in the degree of alkalinity accompanying a corresponding increase in the 
age of the culture, but he does not regard this alkalinity as being respon- 
sible for wilting. In the case of stem rots caused hj Sclerotnm rolfsii 
Sacc., Higgins (11) states that the death of cells subjacent to those invaded 
by the fungus is due to the toxic action of oxalic acid secreted by the 
fungous hyphae. His paper contains a summary of investigations con- 
cerning the production of oxalic acid by various bacteria and fungi. 
Smith (20) concluded that the pathogenicity of Botrytis cinerea BeTB, to 
lettuce plants is due to the formation of oxalic acid, while Peltier (16) 
expressed the opinion that the toxic substance is an organic acid other than 
oxalic. 

The results of an inquiry into the production of toxins, enzymes, and 
acids by Phytophthora are presented as an explanation of the 

rapid wilting of tobacco by this pathogen. 

TOXIN PEODXJCTION IN CULTIJBE 

Potato broth was found to be a favorable substrate for a rapid mycelial 
growth by Phytophthora nicotianae. A very satisfactory growth also was 
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Fig. 1. A and B. Wilting of tobacco plants. A. In filtrate from IS-daj-old potato- 
broth culture of Phytophthora nicotianae, B. In filtrate of material from infected 
tobacco plants. C. andD. Controls. C. In noninoeulated potato broth. B. In filtrate 
from material from healthy tobacco plant. A and C photographed after 1 hour and B 
and D after hours. 
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obtained with flasks of Rickards' solution diluted by i witk distilled water. 
Toxin production was first tested after the organism kad grown for 9 
days in flasks containing potato brotk, Tke broth was filtered through a 
fine grade of filter paper on a Biichner funnel. Microseopic examination 
showed the absence of the organism from the filtrate. A healthy tobacco 
plant was uprooted, washed free of soil, and its roots were immersed in this 
filtrate. A similar plant, placed in noninoeulated potato broth adjusted to 
the same pH concentration, served as a check. In 45 minutes the plant in 
the filtrate was wilted, while the control remained normal. 'When this 
experiment was repeated with potato broth in which the pathogen had 
grown for 13 days, a period of 30 minutes sufficed to cause marked wilting, 
while the control remained turgid. Figure 1, A and C, shows these 2 plants 
an hour after the beginning of the experiment. 

The same procedure was used to test the presence of toxins in cultures 
grown in Richards' solution. In 17-day-old cultures, 30 minutes sufficed 
to produce wilting. Plants placed in noninoeulated Richards' solution as 
controls remained turgid. Because of the rapidity with which plants 
wilted when placed in filtrates from inoculated potato broth and Richards' 
solution, it seems probable that wilting was accomplished by toxic materials 
produced by the organism. 

TOXIN m DISEASED PLANTS 

To obtain additional evidence of the production of toxin by Phyto- 
pMJiora nicotianae^ infected tobacco plants that had been grown in the green- 
house were used. The diseased portion of the stems was removed and cut 
into pieces to facilitate maceration with a mortar and pestle. Sand that 
had received washings with water and sulphuric acid was used in the mortar 
as the abrasive agent. After grinding, a small quantity of distilled water 
was added to the macerated material, which then was stored at 34° F. for 
18 hours. Extraction for only a few minutes sufficed to cause marked 
wilting. 

The material was then filtered through a Buchner funnel, and a healthy 
tobacco plant was placed in the filtrate. A similarly prepared filtrate from 
healthy tobacco stems served as a control. After 45 minutes, the plant in 
the filtrate from diseased stems was badly wilted, while the control re- 
mained normal. These plants are shown in figure 1, B and D, as they 
appeared after hours. 

This experiment was repeated with infected field-grown plants. In this 
ease 1 hour was required to wilt the plant whose roots were immersed in the 
filtrate from black-shank lesions, while the control remained turgid. 

Hursh (12) has pointed out that too much emphasis is being placed on 
the wilting of plants following their immersion in filtrates of various fungi. 
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since in many oases the wilted plants will regain their normal appearance 
on being removed from the filtrate and placed in fresh water. With this 
in mind, wilted plants were removed from the filtrates of cultures of Phy’^ 
tophthor(x nicotianae and placed in fresh water, but, when badly wilted, they 
did not recover. Eecovery seems to be eonditioned by the length of time 
plants are exposed to the toxin and by the degree of collapse. 

NATURE OF THE TOXIN 

Macerated tissues from diseased plants were allowed to stand in distilled 
water for 18 hours at a temperature of 34° P. Crystals of MgSO^, which 
may be used to precipitate proteins, were added to the liquid obtained by 
filtration of this material. As the concentration of MgSO^ approximated 
saturation, perceptible floccules were formed. When this material was 
again filtered, the floccules were retained on the filter paper. After several 
washings with water to remove any MgS 04 , this filter paper, along with the 
precipitate it contained, was placed in a flask of distilled water. 

A healthy tobacco plant with roots immersed in this solution was 
severely wilted when examined 24 hours later. The toxic substance, there- 
fore, was precipitated with the proteins. 

Seventeen-day-old cultures of Phytophthora nicoUmaep grown on 
Richards ’ solution^ were used to test the effect of temperature on the 
stability of the toxin. One portion was stored for 48 hours at 34° F. An- 
other portion was boiled for 5 minutes. After the solutions had regained 
room temperature, they were filtered through a Buchner funnel, and a 
healthy tobacco plant was placed in each. One 19-day-old culture and a 
flask of noninoculated Eiehards’ solution, in which plants were placed, 
served as controls. The plant with roots immersed in the boiled filtrate 
wilted in 15 minutes, while 25 minutes were required to wilt the plant in the 
filtrate that had been subjected to a temperature of 34° F. The plant in 
the 19-day-old culture wilted badly in 15 minutes, and the one placed in 
the noninoculated Richards’ solution remained normal. This evidence 
would seem to indicate that the toxic substance is not affected by tempera- 
tures within the range 34° to 212° F. 

In testing for volatility of the toxin, a 20-day-old flask culture on 
Richards’ solution was distilled for 30 minutes, and the gases that came 
off were collected in distilled water. They were colorless and of a pungent, 
disagreeable odor. After cooling, a plant was placed in the distillate and 
another in the liquid remaining in the distilling flask. The latter wilted 
severely in 8 minutes, while the plant in the distillate remained turgid, 
showing that the toxin is nonvolatile. 
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ACID PBODIJCTION BY THE OBGANISM 

A quantity of potato broth, which had an initial reaction of pH 6.5, 
was used as the nutrient solution in this experiment. Portions of this 
medium were adjusted with HCl and NaOH to concentrations of 4.0, 4.8, 
7.2, 8.2, and 8.8, and 1 portion was left unadjusted. After tubing and 
autoclaving, the solutions were inoculated with Phytophthora nicoUanae. 
Golorimetric tests of changes in reaction were made at intervals, as shown 
in the following table : 


TABLE 1 . — Changes in acidity of cwUnres of Phytophthora nicoUanae 


Initial reaetion 


Beaction after 


4 days 

6 days 

8 days 

9 days 

4.0 

4.0 

3.6 

3.4 

3.4 

4.8 

4.6 

4.6 

4.4 

4.2 

6.5 

5.6 

5.0 

4.6 

4.6 

7.2 

6.2 

5.6 

5.0 

4.6 

8.2 

6.8 

5.6 

5.0 

4.6 

8.8 

7.8 

7.2 

5.4 

5.0 


The cultures the initial concentration of which were pH 4.8 and 6.5 
made the most rapid growth. This accords with the findings of Tisdale 
and Kelley (21), who state that pH concentrations of 4.4 to 5.1 are most 
favorable for growth. 

In view of the fact that many fungi are known to produce oxalic acid, 
it seemed desirable to test for the presence of oxalates. When a mixture of 
the filtrate and concentrated sulphuric acid was heated and the gases given 
off were passed through baryta water, there was no evidence of the forma- 
tion of barium carbonate. Also, when the filtrate was neutralized with 
NaOH and a solution of CaClg was added, no precipitate of calcium oxalate 
was formed. Both tests show, therefore, that the acids formed in these 
cultures are not oxalic. 

INFLUENCE OP pH CONCENTRATION ON WILTING 

In view of the fact that plants wilted when placed in filtrates of the 
fungus, it seemed desirable to determine if the pH concentration of the 
filtrate was a cause of this wilting. The fungus was allowed to grow in 
half-strength Eichards’ solution for 17 days. The mycelial mat was re- 
moved, and the solution filtered through a Biichner funnel. After filtration, 
portions of the nutrient solution were adjusted to pH cGncentrations of 
4.4 and 8.6. Healthy tobacco plants were placed in flasks containing these 
adjusted filtrates. Examination after 30 hours showed both plants severely 
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wilted, while those placed in flasks of noninocnlated Richards’ solution, at 
the same concentrations, showed no wilting in a corresponding period. This 
is interpreted to show that neither organic acids produced hy the pathogen 
nor the pH concentration of the media employed is responsible for the 
wilting of tobacco. 

UTILIZATION OP CARBOHYDRATES 

In unpublished data Carlos^ has shown that the black-shank organism 
digests the middle lamella and the secondary cellulose membranes. The 
secretion of enzymes other than those responsible for these phenomena was 
tested by the use of carbohydrate media. Standard starch-agar plates were 
poured, inoculated with Phytophthora niooUanaej and allowed to stand for 
3 days. When the plates were flooded with iodine, a colorless area appeared 
surrounding each colony, demonstrating the digestion of starch by the 
enzyme diastase (amylase) secreted by the fungus. 

To study the possibility of the digestion of sugars by Phytophthora 
nicotianaBy broths consisting of 2 per cent peptone and 2 per cent of dex- 
trose, maltose, sucrose, or lactose, were made up and inoculated. One 
portion consisting of 2 per cent peptone alone was inoculated to serve as a 
check. The digestion of these sugars was determined colorimetrically by 
the change in hydrogen-ion concentration. 

In dextrose and maltose, a change in reaction of 1.0 was produced dur- 
ing a 5-day period, and in sucrose a decrease of 0.8, indicating that these 
sugars are readily digested by the fungus. The digestion of dextrose, 
maltose, and sucrose necessitates that the fungus produce zymase, maltase, 
and invertase. In lactose and in peptone broth, on the other hand, the 
change within the given period amounted to only 0.2. 

SUMMARY 

The rapid wilting and collapse of tobacco plants infected with Phy- 
tophthora nicotianae are due to a toxin. This toxin may be extracted from 
black-shank lesions and is also present in cultures in which the organism 
has been grown.. This toxin, which is thermostable and nonvolatile, is 
probably protein in nature. 

Acids other than oxalic are produced by the black-shank fungus during 
the decomposition of tissues and in culture media. These acids do not 
account for the wilting, however. 

Phytophthora nicotianae secretes enzymes that enable it to utilize the 
middle lamella, the secondary membranes, starch, sucrose, dextrose, and 
maltose. 

Duke University, 

Durham, North Carolina. 

2 Carlos, T. P. The black-shank disease of tobacco. Unpublished thesis, Duke Uni- 
versity Library. 
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FIELD OBSERVATIONS OP NEEDLE RUSTS OF SPRUCE IN 

MINNESOTA 

E A L P H M . L I N D G R E N 
(Accepted for publication August 22, 1932) 

III the summer of 1927 a needle rust of spruce appeared in epidemic 
form in northwestern Minnesota. The regional distribution of the disease 
in the State corresponded to the range of the swamp evergreen heath 
plants, Labrador tea, Ledum groenlandicum Oeder; leatherleaf, Chamae- 
daphne calyculata (L.) Moench ; and bog rosemary, Andromeda glaucophylla 
Link. These plants became heavily infected with the alternate stages of 
the causal organisms later in the summer. The infected spruce was the 
cause of considerable concern to foresters, nurserymen, and owners of orna- 
mental spruce plantings because epidemics of a similar nature had been 
infrequent, and little information was available on the nature and extent 
of the resulting damage. The prevalence of the disease during 1927 on 
ornamental as well as on native spruce, growing under natural conditions, 
afforded an excellent opportunity to add to the meager information con- 
cerning such epidemic attacks. 

NOTES ON INFECTION 

Immature aecia were first reported on spruce on July 14. Shedding of 
the spores began towards the latter part of July and continued for 3 weeks 
in August. Although infection was limited to the current yearns growth, 
aecial production, especially in the case of native black and Colorado blue 
spruce, growing in areas of heavy attack, was so abundant that the foliage 
in mass was yellow. The aecial pustules occurred in irregular rows, some- 
times definitely 2, on the under side of the needle, and varied in number 
from 3 to 9 but were usually 5 to 6. Trees of all ages were attacked, in- 
fection being heaviest in the leaders and upper portions of small trees 
under 8 ft. in height. In the larger trees, infected needles were confined 
for the most part to the lower portions of the crown. The relative suscepti- 
bility of several species of spruce growing side by side in forest nurseries 
was observed to be as follows: susceptible — ^blaek spruce, Picea mariana 
(Miller) Britton, Sterns, and Poggenberg, and Colorado blue spruce, 
P. pungens Engelmann; moderately susceptible — ^white spruce, P. glauca 
(Moench) Voss; resistant — ^Black Hills spruce, P. glauoa albertiana (S. 
Brown) Rehder, and Norway spruce, P. excelsa Link. No attempt was 
made to substantiate these field observations on susceptibility by conduct- 
ing controlled inoculation experiments on spruce. 

The heath plants, leatherleaf, Labrador tea, and bog rosemary were 
usually found in the immediate vicinity of infected spruce, although in the 
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case of one nursery that contamed rusted trees, the nearest plants found 
were i mile distant. Examinations were made of these plants at intervals 
during the month of August. The small red to yellow uredinial pustules 
were first noticed on August 16 on leatherleaf growing in the vicinity of 
heavily rusted black spruce. By the latter part of August this stage had 
become prevalent on both leatherleaf and Labrador tea, being hypophyllous 
in the ease of the former and predominantly hypophyllous but occasionally 
epiphyllous on Labrador tea. Comparatively little infection was found on 
bog rosemary, even where heavily rusted plants of the other 2 species were 
in close proximity. Uredinial production continued through the months of 
August and September and was heaviest on those plants growing close to 
or under diseased spruce. Infection was most common on the thin small 
leaves that had not yet become leathery and were relatively free of to- 
mentum. An examination of infected areas made in March, 1928, revealed 
only uredinia on old leaves. Clinton^ reported having found uredinia in 
January on living old plants and believed them to be capable of over- 
wintering. 

NATURE AND EXTENT OP INJURY TO SPRUCE 

Infected needles were being shed even before the aecia had ceased to 
liberate spores. Where heavy infection occurred, as on small trees and in 
the lower portions of the crown of large trees of black and Colorado blue 
spruce, it was estimated that from i to | of the current year’s needles were 
lost by the end of the summer. Defoliation was slight in the ease of white 
spruce and was of little or no consequence on Black Hills and Norway 
spruce. Whether such defoliation as occurred on black and Colorado blue 
spruce retarded growth or resulted in permanent injury was not established 
definitely. Eeports received in 1928 from foresters and nurserymen indi- 
cated that the infected trees had recovered to the extent that little evidence 
remained of the heavy attack of the previous year. No killing or apparent 
deformation of the infected trees had occurred, although it was reported 
by several that growth had been retarded slightly. The effect of several 
successive years of defoliation could not be determined because only light 
attacks of the rust occurred in 1928 and 1929. It is probable that succes- 
sive epidemics would result in pronounced retardation of growth, and pos- 
sibly in permanent injury to the heavily infected plants. 

The only known previous reports of Injury to spruce caused by the 
needle-rust fungi are those of Clinton, who states that needles infected with 
Melampsoropsis cassandrae appeared as though they would be shed prema- 
turely; and of Eraser, who describes killing of young plants by heavy 
pyenial infection in inoculation experiments with one of the rust fungi. 

1 Oliutoiij Gr. P . Heteroecious rusts of Coimeeticut having a Peridermium for their 
aecial stage. Conn. Agr. Expt. Sta. Ann. Rpt. 1907-1908: 369-396. 1908. 
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OAUSAL ORGANISMS 

Three closely related and very similar needle-rust fun^i have been de- 
scribed as commonly occurring on spruce, namely ; Melampsoropsis ahietina 
(Alb. and Schw.)- Arthur, M. ledicola (Peck) Arthur, and M, cassandrae 
(Peek and Clinton) Arthur. These have as their alternate hosts ever- 
green swamp plants belonging to the heath family ; principally leatherleaf, 
Labrador tea, and bog rosemary. The host relationships of 2 of these, 
M. aUetina and M. ledicola^ were established by Fraser^ iu 1910 and 1911 
through studies conducted under both field and controlled conditions. The 
relation between Peridermium consimile and Jf. cassandrae was shown by 
Clinton^ in 1908, and this work was later substantiated by Fraser. The 
aecial stages of all 3 of these organisms appear as needle rusts on spruce 
and very similar morphologically and, therefore, difficult to differentiate. 
The uredinial stages are more readily distinguished, those of M, alietina 
and M. ledicola hypophyllous and epiphyllous forms, respectively, on 
Labrador tea; while the uredinial stage of M. cassandrae occurs as a hypo- 
phyllous form on leatherleaf. 

In an effort to establish the identity and relative prevalence of the organ- 
isms concerned in the epidemic of 1927, examinations were made of the 
aecial and uredinial stages, both in the field and in the laboratory. The 
distinguishable differences in the aecial stages were found to be insufficient 
to permit a determination of the causal organisms on spruce. Since the 
uredinial stages of all 3 organisms were found on the heath plants, there 
was evidence that all were concerned to some extent. The heaviest in- 
fection occurred on leatherleaf, which suggested that Melampsoropsis cas- 
sandrae '^as at least and probably most prevalent. On Labrador 

tea, the uredinial sori were predominantly hypophyllous, indicating a 
greater prevalence of if. than of if. ia&hoZa. 

A number of inoculations of leatherleaf and Labrador tea were made 
in the field and in the greenhouse with the purpose of obtaining supple- 
mentary evidence on the relative prevalence of the several rust fungi. A 
search for a rust-free area was unsuccessful; consequently, plants growing 
in areas of light infection had to be used. In the field inoculations, 10 ap- 
parently noninfected plants of each species growing in situ were sprayed 
with fresh aecial material collected from black and Colorado blue spruce. 
Within 20 days all 20 plants showed infection, the uredinial sori being 
hypophyllous in all cases and more abundant on leatherleaf than on Lab- 
rador tea. Noninoculated plants in the immediate vicinity of the sprayed 
ones were either free of infection or showed light attacks only on the lower 
sides of the leaves. 

2F^raser, W. P. Cultures of some heteroecious rusts. Myeologia 3: 67-74. 1911. 

3 Loc. cit. See footnote 1. 
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For the greenliouse studies, 40 plants of each species, together with the 
moss and substratum in which they were growing, were taken to the Uni- 
versity Farm and potted immediately. Thirty plants of each species were 
sprayed with aecial material collected from infected spruce in the field, 
and 10 were kept as controls. A number of the plants soon showed evi- 
dences of loss of vigor as a result of transplanting, and several had withered 
before the incubation period of 21 days was completed. Of the 60 inocu- 
lated plants, 7 leatherleaf and 2 Labrador tea developed uredinial pustules 
on the lower sides of the leaves. Of the controls, all except 1 leatherleaf 
remained free of rust, infection in this 1 case probably having occurred 
while the plant grew in the field. 

The meager infection results obtained in the inoculation studies permit 
no definite conclusions. It is interesting to note, however, that they tend 
to strengthen field observations, which indicated that ms- 

sandrae was very common on spruce and that Jf. ledicola was of little 
significance. 

SUMMARY 

A needle rust of spruce appeared in epidemic form in Minnesota during 
the summer of 1927. The relative susceptibility of spruce, growing in 
forest nurseries, was observed to be as follows : susceptible, black and Colo- 
rado blue spruce ; moderately susceptible, white spruce ^ resistant, Norway 
and Black Hills spruce. Defoliation in the c^ of heavily infected plants 
amounted to from i to f of the currentro^^^^eedles. Eeports received 
in 1928 indicated that no killing or pi^fi^nent deformation of the infected 
trees had resulted, ^ 

Field and laboratory examinations of the uredinial stages of the causal 
organisms on heath plants indicated Melampsoropsis cassandrae to be very 
common; M, to be fairly common; and M, ledicola to be of little 

significance. Inoculation studies on leatherleaf and Labrador tea tended 
to strengthen the above conclusions as to the relative prevalence of the sev- 
eralfungi. 



CONSISTENT MUTATION OP HELMINTHOSPORIUM SATIVUM 
ON A NO-NITEOGEN MEDIUM 

Gr L E IT ]sr E . P A X T 0 N 
(Accepted for publication August 22, 1932) 

Numerous workers have studied environmental factors involved in muta- 
tion of fungi. Stevens (5), Christensen ( 1 ), Leonian ( 3 ), Mitra ( 4 ), and 
others have shown that the type and amount of medium greatly influences 
the fre(^uency of sector formation. Christensen ( 2 ) has shown certain tem- 
peratures to he more favorable than others. 

The effect of nutrition on mutation has been studied in preliminary ex- 
periments, and evidence is presented here that mutations may be produced 
consistently in Helminihospori%m sativum P., K., & B. on a standard 
medium. 

The culture of Helminthosporium sativum studied by the writer was iso- 
lated from a barley leaf showing typical spot-blotch lesions that had been 
collected at Davis, California, in 1931. The plates were incubated at room 
temperature (18-25° C.) and examined after 2 to 3 weeks. 

Czapek’s medium was used in order to obtain the normal growth of the 
fungus. It was made up as follows: 0.5 gm. MgSO^, 0.5 gm. KCl, 1 gm. 
KH 2 PO 4 , 0.01 gm. PeSO^, 2 gm. NaNOg, 30 gm. sucrose, and 20 gm. of agar 
in 1,000 cc. distilled water. 

It was found that mutations or sectors occurred consistently when the 
sodium nitrate was omitted from Czapek’s medium. This will be designated 
as the minus-N medium. Different depths of medium were used in Petri 
dishes with no difference in results. The usual amount employed was 20 cc. 
Single-spore or mass transfers on this medium produced similar colonies. 

The results of 5 . series of tests may be summarized as follows : On 
minus-N agar all of the 47 colonies from mass transfers and all the 91 
single-spore colonies produced sectors, whereas among 44 colonies from mass 
transfers on Czapek’s agar 3 produced sectors; among 103 colonies from 
single spores only 9 produced sectors. 

Small white tufts of sterile mycelium were often produced on the colo- 
nies, but only the fan-shape sectors were taken into consideration in the re- 
sults. The number of sectors per plate on the minus-N medium varied from 
2 to 12 , with an average of 5. The sectors grew faster than the remainder 
of the colony and were usually whiter and sporulated more sparingly, as 
shown in figure 1, A. 

Sectors occurred occasionally on Czapek's agar, but all except one were 
unlike those that occurred on the minus-N medium, in that most of them 
were essentially sterile white niycelium. This difference was especially 
noticeable when the mutants were grown for comparison on Czapek’s agar. 
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Pig. 1. A, Three-week culture ot Helminthosporiuin satwum on minus-N medium 
showing sectors. B. Fifteen-day culture of the mutant growing on Czapek^s agar. 0. 
Fifteen-day culture of the original fungus growing on Czapek^s ^gar. 


The sectors that occurred on the minus-N medium were of many types, 
one of which invariably occurred on every plate. This type of mutant was 
studied in detail and is shown (Fig. 1, B) growing on Czapek’s agar, in 
comparison with the original fungus on the same medium (Fig. 1, C). As 
compared with the normal, the mycelium of the mutant was darker, grew 
faster, the sporulation was heavier, and much more variation was evident in 
the length and shape of the spores. The spores of the mutant were darker 
brown, shorter, and more rounded at the ends. Five hundred spores aver- 
aged 55 X 24 p, while the spores of the normal fungus averaged 72 x 22 p. 

Mass and single-spore transfers were made from the minus-N to Czapek’s 
agar from the sectors and from the normal region between the sectors of the 
colonies. Change had occurred only in the transfers from the sectors. 

When the spores were taken from the normal region of the colony and 
again grown on the minus-N medium, sectors occurred in every trial. Colo- 
nies taken from the sectors and grown on the minus-N medium have sectored 
only twice in about 100 trials. No sectoring of the mutant has occurred dur- 
ing 5 generations on Czapek's agar. Colonies from some of the other types 
of sectors not considered in this paper have, however, sectored still further 
on the minus-N medium and on Czapek’s agar. Some have shown a partial 
reversion to the normal fungus. 

The effect of the 2 media on anastomosis of hyphae was tested by grow- 
ing the normal fungus on slides covered with a thin layer of agar. There 
was abundant hyphal fusion on both the Czapek’s and the minus-N agars 
and no noticeable difference was observed. The same was true in observa- 
tions made on many colonies growing in Petri dishes. 

It has been found that the addition of ^ gm. of NaNOg per liter to the 
minus-N medium was sufficient to prevent most of the sector formation. 
When both sucrose and nitrogen were omitted from the Czapek's medium no 
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sectors were formed. Among 20 cultures grown on minus-N agar with, only 
10 gm. of sucrose per liter, and 20 cultures grown on minus-N agar with 100 
gm. of sucrose per liter, sector formation was not interfered with in any 
plate. In 10 cultures of the normal fungus, KNOg was substituted for 
NaNOg in Czapek’s agar and no difference in results was obtained. The 
omission of sodium was apparently not a factor in sector formation. 

Twenty colonies, each, of 2 other forms of Helminthosporium sativum 
were grown on the minus-N medium and every one produced sectors. 

Other fungi, such as Penicillium, Alternaria, and a Macrosporium were 
grown on 20 plates, each of the minus-N agar, but no sectors were produced. 

Mutation in Helminthosporium sativum appeared to be related to nutri- 
tion. Lack of nitrogen seemed to be an important factor in causing con- 
sistent mutation. If nitrates were present, not only were decidedly fewer 
sectors formed, but these were different in morphology. A slower growth 
rate, increased time factor, and accumulation of by-products in the absence 
of nitrogen may explain partly the phenomenon of sector formation. Su- 
crose also plays an important part because, when this was omitted, no sec- 
toring occurred. Depth of medium did not affect either the number or type 
of sectors. Since anastomosis of hyphae was abundant on both media, it is 
improbable that it has any effect in causing sector formation. 

SUMMARY 

On Czapek’s agar, Helminthosporium sativum produced only occasional 
sectors, while all colonies on Czapek^s agar, containing no nitrogen, pro- 
duced sectors, one type of which occurred on every culture and was dis- 
tinctly different from the original colony. Subplants from this mutant 
have shown no tendency to revert to the original, even in the fifth genera- 
tion. On Czapek’s agar, lacking sucrose as well as nitrogen, no sectors were 
produced. 

Division OF Plant Pathology, 

University OF California, 

Berkeley, California. 
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PHYTOPATHOLOGICAL NOTES 


Three New Hosts for Tylenehus dipsaciy the Bwlb or Stem Nema. — -Bulbs 
oi CoUhicim speciosum album (Hort), iniported from Haarlem, Holland, 
and intercepted at the Inspection House of the Bureau of Plant Quarantine 
in Washington, D. C., August, 1932, were found to be infested with T. 
dipsaci (Kuhn, 1858) Bastian, 1865. As far as we are aware, this is the first 
time that this parasite has been reported from a Colchicum.. About 20 per 
cent of the bulbs of the shipment were affected. Judging from our observa- 
tions, the disease must be very detrimental to the Colchicum bulbs. (Pig. 
1, A.) The symptoms somewhat resemble those produced by the same 
did not revive, but were otherwise excellently preserved.— G. Steineb and 
parasite in bulbous irises. In every instance observed the infestation began 
at the base of the bulb, destroying the basal or root plate. The first signs 
of the disease are yellowish or brown streaks, which gradually spread out on 
the surface but also penetrate the bulb more and more. To properly see 
these symptoms, the brown cover scale must be loosened as shown in figure 
1, A. A more advanced stage of the disease presents areas of a grayish 
color penetrating the bulb quite deeply. It consists of destroyed tissues 
that soon completely decay and then form a black powdery mass. The 
progress of the disease is shown in stages reading from left to right, 
(Pig.l,A). 

In the fall of 1932 shipments of Chionodoxa lucUiae Boiss. bulbs, inter- 
cepted in New York City, Philadelphia, and Detroit, and all originating 
from Holland, were found infested with Tylenchus dipsaci. This seems to 
be the first record of this nemic pest in Chionodoxa. The disease symptoms 
occur externally, as well as internally, since there are produced both sur- 
face scales and internal brown rings analogous to the brown-ring symptoms 
of narcissus. (Pig. 1, B.) The affected surface scales are shriveled and 
exhibit a brown to black discoloration. 

In January, 1933, two herbarium leaves of foxglove, Digitalis purpurea 
L., from the Elm City Nursery, New Haven, Connecticut, collected in June, 
1916, were received from G. P. Clinton of the Connecticut Agricultural Ex- 
periment Station. The leaves (Pig. 1, C) showed spots in which large 
numbers of Tylenchus dipsaci were found. D. purpurea was not known to 
be a host of this nemic pest. The symptons are somewhat unusual for this 
nema, being more of the type produced in certain hosts by Aphelenchoides 
fragariae. Probably the parasites invaded the leaves under wet conditions 
from the under surface, entering through the stomata all over the leaves 
and forming thereby numerous infection centers simultaneously. The T, 
dipsaci specimens, having been in dry herbarium preservation for 16^ years, 
Edna M. Buhreb, Bureau of Plant Industry, TJ. S. Department of Agricul- 
ture, Washington, D. C. 
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Fig. 1. A. Colchicum speciosum album bulbs infested witli Tylenchus dipsaoL 
Progress of the disease shown in stages reading from left to right. B. CMondoxa 
luciliae bulbs infested with Tylenchus dipsaci showing external and internal areas of 
infestation. C. Digitalis purpurea leaves infested with Tylenchus dipsaci* 
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Unusudl Disease Sy'io^pijoms Produced iy Aphelenchoides fragariae , — 
Recently, some Chrysanthemum hortorum (Hort.) plants, wliicli proved to 
he infested hy Aphelenchoides fragariae (Ritzema Bos 1891) Steiner and 
Bulirer 1932,^ were received from a nursery in OMo. The disease symptoms 
were not those commonly observed on chrysanthemums when attacked by 
this nematode, i.e.; brown or yellow spotting of the leaves. Instead, the 
plants were a Ml and healthy green but exhibited defective leaf spread, 
some leaves being almost filiform, reduced, and abnormally crinkled, the 
leaf stem often swollen (Fig. 1, a). In some instances stems and leaves 
were dwarfed, crinkled, and bmjched (Pig. 1, a, d), producing, with a short- 
ened swollen stem, what might 'be calBd the ‘ 'caulifltwer'' type of disease, 
not previously observed in chrysanthemums (Pig. 1, &). Stems may even 
be blind (Fig. 1, c). The affected plants were apparently of luxuriant, fast 
growth, the tissue being sappy father soft, a fact that may account for 
the unusual symptoms. A^ fragariae is known to produce cauliflower symp- 
toms in strawberry plants, the, explanation offered in this case being similar 
to that just mentioned. Varibiis host plants of the bulb or stem nema 
{Tylenchus dipsaci), if in luxuriant, sappy growth, also reac/t to such a 
nemic infestation by production of swollen curved stems and crinkled 
leaves (cauliflower type), whereas under dry conditions and slower growth 
no such symptoms are developed. — Gr. Steiner and Edna M. Buhrer, Bu- 
reau of Plant Industry, U. S. Department of Agriculture, Washington, 
D. C. 

A Potato Disease, — ^Potatoes, both in greenhouse and field at Ithaca, New 
York, became affected in late August, 1932, with a serious disease, which 
had the general appearance of top necrosis (acronecrosis) and was so con- 
sidered for some weeks.^ The disease was observed first in species hybrids 
of domestic by Solanum demissum, antipoviczii, etc., from Mexico but soon 
spread to a number of domestic varieties. Rural New Yorker, Green Moun- 
tain, Katahdin, Triumph, and others, as well as to several tuberous and 
nontuberous species of Solanum from Mexico, also to Physalis spp., to 
Nicandra physaloideSj to Datura stramonium, to pepper {Capsicum sp,), 
and to tomato (Lyeopersicum). 

Symptoms appear first in the apical leaflets. The leaflets begin to cup 
downward and show numerous darkish areas on the underside. The tips 
of shoots begin to turn brown and from day to day become browner and 
very brittle. In the meantime the undersides of the leaflets assume a glassy 
appearance followed by a bronzing of the whole area. The leaf petiole 
becomes brittle and the leaf breaks off with a touch. Axillary shoots pass 
through these stages rapidly and die completely. The stalks and fully 

1 Synonyms of this form are: ApTielenchus subtenuis Cobb 1926, A, olesistus Eitzema 
Bos 1893, and A. riti^ema-bosi Schwartz 1911. 




[G. 1. Chi 
ig sympto] 
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matured leaves may remain green for a long time or they may die rather 
promptly, apparently depending on the age of the plant when first attacked. 
First-year potato seedlings usually are killed outright. The long stolons 
of Mexican species and of many of the hybrids are very brittle on affected 
plants as compared with healthy ones. Tuber formation is checked as soon 
as the disease is contracted. 

The disease is readily communicated by grafting and by leaf mutilation 
with diseased material so that in very many respects it has the characters 
of a virus disease. Mention of the disease in a session of The American 
Phytopathological Society elicited the information that a mite probably is 
responsible for the trouble, and this proves to be the case. The creatures 
are microscopic in size and scarcely seem abundant enough on the foliage to 
account for the prof ound changes induced in the plants. The mite involved 
is of the genus Tarsonemus, but the specific identity is a matter for further 
study that is being done by Wm. Blauvelt, of Cornell University. Mr. 
Blauvelt^s f amiliarity with the Cyclamen mite permits him to say definitely 
that it is a different species. 

With the exception of minor variations, the disease corresponds with 
the brief description of Carpenter^ concerning an outbreak of mites in 
Hawaii and with that of Mann et al^ oi an outbreak in India. The latter 
authors found the disease a very serious one in the summer’^ crop of 
potatoes in the whole Poona district of India, and KulkarnP later found 
peppers over wide areas in India severely injured by the same organism. 

The mites yield to fumigation with naphthalene.^ It is a relatively 
simple matter to rid a greenhouse of the pests, but their occurrence in the 
field is a more serious matter. Lime sulphur solution and sulphur dust have 
been used effectively in fields of India. No outbreak of this or a similar 
pest in the field seems to have been recorded for continental United States 
of America. It may be that the Ithaca outbreak of 1932 is sporadic, but 
it would be unwise to minimize the possible danger. Every effort will be 
made to avoid further trouble in 1933, — ^Donald Reddick, Cornell Uni- 
versity, Ithaca, New York. 

1 Carpenter, C., W,^ A new disease of the Irish potato. Phytopath. 8: 286-287. 

1918. . 

2 Mann, Harold H^’, S. D. Nagpnrkar, and G-. S, Kulkarni. The ^ ^ tamhera ’ ^ disease 
of potato. Agr. Jour. India 15: 282—288. 1920. 

sKuIkarni, G. S. The ‘^murda^’ disease of chilli (Capsicum). Agr. Jour. India 
17: 51-5A 1922^ 

4 Hartzell, Albert, and Frank Wilcoxon. Naphthalene fumigation at controlled con- 
centrations. Jour. Econ. Ent. 23: 608-618. 1930. , 
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Boot Nodule Bacteria and Leguminous Plants, By E. B. Fred, I. L. 
Baldwin, and Elizabeth McCoy. 343 pp. University of Wisconsin Studies 
in Science No. 5, Madison, Wisconsin. 1932. 

While this book is primarily a review of the entire literature pertaining 
to root nodules and root-nodule bacteria of leguminous plants, it is 
thoroughly interspersed with authoritative opinions and deductions. The 
authors have brought to light from available history material that it is 
rarely the pleasure of most of us to see. Eeference to the use of legumes 
as crops and food is carried back about 6,000 years, and evidence is pre- 
sented to show that the seeds of the lentil, a legume, were used by the 
builders of the pyramids. The writings of Cato in the 2nd century B. C. 
give one of the first indications of an appreciation for the leguminous plant 
as a soil benefactor. The necessarily fragmentary ancient history of 
legumes is followed by a discussion of their use in New World agriculture 
from the time of discovery to the present period and also includes some of 
the recently acquired archaeological data from Mayan and Pre-Incan ex- 
plorations. This first chapter chronicles the classical experiments with 
legume bacteria by scientists of the 19th century, culminating in the work of 
Hellriegel, to whom credit for substantial progress in explaining nitrogen 
fixation by legumes is given. 

Legumes are considered botanically in the 2nd chapter, and here, as 
well as in the 12th chapter, they are discussed from an economic standpoint. 
Covering a period from 1587, a summary is given of the conceptions of 
various observers of the nature and functions of root nodules of legumes. 
Space is also devoted to nonnodule-bearing legumes, to nodule-bearing 
nonlegumes, and to the normal leaf growths that harbor presumably essen- 
tial bacteria. A continuance of the work on nodules is found in chapter 9 
where their life history is carried through the infection thread stage, nuclear 
alteration, and the digestion of the bacteria in the cells. 

Starting with chapter 4, methods of isolating and differentiating legume 
bacteria are presented, followed by a discussion of the known life history 
of the organism and its responses to environmental influences such as 
temperature, light, aeration, and composition of the substratum. 

Of interest to pathologists is the part of chapter 10 concerning variations 
in physiological efficiency among nodule organisms that amounts to para- 
sitism at times but is usually of a beneficial nature. The work on nitrogen 
fixation by a combination of the plant and its organism and by the organ- 
ism alone brings the comment '‘that perhaps the effort to divorce the roles 
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of the plant and bacteria in the process of nitrogen fixation is funda- 
mentally wrong. 

The literature on the influences that affect nodule production leads the 
authors to believe that there is much yet to be learned regarding environ- 
ment in relation to nodule production. The last chapter is concerned with 
the practical application of nodule bacteria to soils and seeds ; the various 
methods of transferring field soil are outlined ; and an interesting history 
of the development of the artificial or pure-eulture business in Europe and 
the United States is given with considerable detailed reference to patents 
issued in this connection. An appendix includes specific directions for the 
use of artificially prepared legume-bacteria cultures, a list of sources from 
which inoculating material of this type may be obtained, data on the extent 
of the distribution of such cultures, and the names of governmental agencies 
concerned in the regulation of the trade together with the laws through 
which they operate. 

In addition to a wealth of information most of which it is not possible 
to mention here, the book contains many illustrations. It will be a great 
asset to scientific workers and, in view of its practical bent, should serve as 
an informational handbook to those interested in soil bacteriology from a 
commercial standpoint. 

A bibliography of 1,058 references follows the appendix. — ^Lewis T. 
Leonard, Bureau of Chemistry and Soils, U. S. Department of Agriculture. 
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The peanut is an extensively grown and valuable crop in many parts of 
the world. Large acreages are grown in the southeastern United States, 
South Africa, parts of South America, the West Indies, Philippine Islands, 
Japan, India, Australia, Java, Italy, and in China. Seed from these 
widely separated regions have been exchanged, and as a consequence it is 
probable that diseases have become widely disseminated throughout most of 
these areas. The prevalence of peanut leaf spots is shown by the fact that 
they are mentioned in literature from all of these countries. 

In 1928, during the course of some preliminary seed treatment tests, it 
was noted that there were 2 distinct leaf spots occurring in abundance on 
the leaves of peanut plants growing in the field at the Georgia Experiment 
Station. Further studies were begun to determine which of these spots was 
originally described by Berkeley (4) as Cladospomm persomtim and if 
this was the same as that studied by Ellis and Everhart (10) when they 
changed the name of the causal organism to Cercospom personaia. Fungi 
other than C. persomta have been described as causing spotting of the 
leaves of the peanut plant, but most of these have been considered synony- 
mous by subsequent writers. The present investigation is an attempt to 
clarify the resultant confusion by comparing the various descriptions and 
herbarium specimens and by comparing these with the 2 spots found in 
Georgia. 

LITERATURE REVIEW 

In the following literature review only those references are listed that 
give sufficient detail to enable the reader to determine rather accurately the 
systematic classification of the disease described. The writers who include 
in their papers a synonymy of the respective fungi are listed in table 1. 

In 1875 Berkeley (4, p. 106) published the first description of a peanut 
leaf spot and gave the name CUdosporium persomhmi to the causal 
fungus. This was the result of a study of material collected by Raveiiel 
in South Carolina in 1855. 

1 Published with the approval of Director as Paper No. 36— Journal series Georgia 
Experiment Station. 
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Ten years later Ellis and Everliart (10), after examining* material col- 
lected in Alabama and South Carolina, transferred the’ fungus to the genus 
Cercospora. This change has been generally accepted and the name Cerco- 
spora personata used exclusively in preference to Clwdosponimi personatum. 

In 1891 Atkinson (1, p. 43) examined material collected in Alabama 
and South Carolina that was reported to agree with specimen N. A, P. No. 
2,480 collected by Professor Tracy and determined as Cercospora personata 
by Ellis and Everhart. Atkinson, however, reports a greater conidial 
length and more septations than are recorded by Ellis and Everhaid. It 
is possible that Atkinson examined leaves infected by 2 different fungi, as 
lie found the conidiophores to be amphigenous, whereas Ellis and Everhart 
describe the fungus as being hypophyllous. 

In Raciborski’s (18) description of Septogloeum araehidis appear 2 
statements that become significant when compared with the illustrations 
and descriptions of later writers. These are, first, ^^Das Mycelium des 
Pihes hreitet sick am stdrksten Bwischen den Schwammparenchymzellen aits 
%nd sendet in diese cJiaraMeristiscJie gelappte Haustorien,^’ and, second, 
^‘Flecken konzentrisch gruppirteJ’ 

Hennings (12) desevihed Cercospora araehidis from a study of material 
collected in Brazil and says he classifies it as a new species, because ‘^Von 
C. personata (B. & C.) Ell. durch die anfgellasenen Flecke, die septirten 
Hyphen^ die kurzeren, 3-6 sepiirten conidien der Beschreihung nach ver- 
schieden.^^ It seems possible Ellis and Everhart failed to mention the fact 
that their fungus produced raised spots or that they covered this point in 
a statement regarding the densely tufted conidiophores. They also prob- 
ably failed to observe that the conidiophores were septate in some instances. 
The variation in the conidial length does not seem great enough to be im- 
portant; , Later writers have commonly listed C\ araehidis as synonymous 
'wi'di C. personata. 

Zimmermann (29, Taf. 2, Pig. 9) illustrated the conidiophores and the 
conidia of Septogloeum araehidis. Prom these drawings and the accom- 
panying description it was concluded that Zimmermann studied the same 
leaf spot as described by Raciborski. A comparison of Raciborski's collec- 
tion with N. A. P. No. 2,480 shows that 8. araehidis is the same as Cerco- 
spora personata. 

Bancroft (3, pp. 52 and 55) reports both Cercospora personata and 
Septogloeum araehidis from the West Indies. The more complete descrip- 
tion of S. araehidis may indicate that he was more familiar with descrip- 
tions of this leaf spot. His description of C. personata is similar to that 
of Ellis and Everhart. Possibly he knew of a second leaf spot that he be- 
lieved described by these writers as C. personata. 
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TABIxE 1. The writers who give or suggest synonymous relationships of the 
peanut leaf -spotting fungi are listed, chronologically as follows: 


Authority 

Date 

Eeferene© 
no. in cited 
literature 

"SYNONYMS 

(The first name given is that accepted 
by each writer) 

Ellis aud 
Everhart 

1885 

10 

Cercospora personata (B. & C.) E. & E. 
Cladosporium personatum B. & C. 

Chevalier 

1913 

7, p. 72-73 

Septogloeum aracMdis Rae. 

Cercospora personata (B. & C.) E. & E. 
C. aruc/iidfs P. Henn. 

Wolf 

1914: 

27 

Cercospora personata (B. & C.) E. & E. 
Cladosporium personatum B. & C. 
Cercospora aracMdis P. Henn. 

Yates 

1917 

28, p. 315 

Cercospora personata (B. & C.) E. & E. 
Cladosporium personatum B. & C. 
possibly Septogloeum aracMdis 'Rslc. 

Van Der Bijl 

1920 

5 

Septogloeum aracMdis Rac. 

Cercospora personata {'B. C.) E. & E. 

Wakefield 

1921 

25, p. 299 

Cercospora personata (B. & C.) Ell. 
Septogloeum aracMdis Rae. 

Sawada 

1922 

22 

Cercospora personata (B. & C.) E. & E. 
0. aracMdis P. Henn. 

Septogloeum aracMdis Rac. 

Maublanc 

1924 

17 

Cercospora personata (B. & C.) E. & B. 
Cladosporium personatum B. & C. 
Septogloeum arachidis Rac. 

Cercospora arachidis P. Henn. 

Mason 

1928 

16 

Cercospora personata (B, & C.) E, & E. 
Septogloeum arachidis Rac. 

Curzi 

1931 

9 

Cercospora personata (B. & C.) E. & E. 
Cladosporium personatum B. & C. 
Septogloeum arachidis Rac. 

Cercospora aracMdis P. Henn. 

Solheim and 
Stevens 

1931 

24, p. 368- 
369 

Cercospora personata (B. & C.) E. & E. 
Cladosporium personatum B. & C. 
Cercospora aracMdis P. Henn. 

Saecardo 

1886 

21 

C. personata (B. & C.) E. & E, 
Cladosporium personatum B. & C. 


Heald and Wolf (11, p. 49) may have studied a mixed infection, but it 
is quite possible that they collected only specimens infected with the Cerco- 
spora producing long slender obclavate eonidia that they illustrate as C. 
personata. They state that the conidiophores are ampliigenous though 
more appear on the lower surface. 
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Butler’s (6) description and illustrations of Septogloeum arachidis are 
similar to those of Zimmermann. They were both undoubtedly dealing 
with the same type leaf spot. Butler is the first writer to illustrate haus- 
toria in the cells of the leaf tissue. This writer states that Cercospora i^er- 
sonata also occurs in one province in India but did little damage. 

Wolf (27) undoubtedly has described a mixed infection as Cercospom 
personata. His illustrations show slender obclavate conidia and 2 types of 
eonidiophore tufts, 1 small and having a less definitely stromatie base, while 
those of the second are large and stromatie. The former was produced 
epiphyllously and the latter hypophyllously. The statement is made that 
the large definitely stromatie eonidiophore tufts are not typical of the 
genus Cercospora. This writer considered Sepiogloeum arachidis as de- 
scribed by Butler from India to be a separate leaf disease of the peanut, 
though he was aware that Chevalier (7) had considered it identical with 
C, personata. Wolf considered C, arachidis synonymous with C. personata. 

Shaw (23) and Maekenna (14, p. 85) reported in 1917-18 2 leaf spots 
of the peanut in India, 1 Cercospora personata and the other an unknown 
species of Cercospora. Neither writer described these 2 fungi. 

AVelles (26), in 1917, illustrated Cercospora personata from the Philip- 
pine Islands as having long, slender, obclavate conidia. A year later Kein- 
king (19, pp. 176-177) described and illustrated the fungus of a leaf spot 
of peanuts that had short, thick, abruptly obclavate or cylindrical conidia 
and that was considered to be Septogloeum arachidis. In 1919 this same 
writer (20, pp. 114-115) referred to C. personata but stated that, Further 
study will probably show that the Philippine leaf spot is also a species of 
Septogloeum.” It is probable that he referred to the same fungus in both 
cases. 

In 1917 HorP (13, p. 26) described from Japan a Cercospora leaf spot 
of the. peanut to which he gave the name C. arachidicola. The original de- 
scription by Hori has not been read, but a comparison of a specimen col- 
lected by Hori, with the descriptions and illustrations by Sawada (22),^ 
has enabled the writer to determine that C. arachidicola ib the same as the 
long, slender-spore Cercospora commonly found on peanuts in southeastern 
United States that other writers have often confused with C. personata. 

2 Since this paper was submitted for publication a letter was received from M, 
Ishikawa inclosing a translation of Hori’s description of Cercospora arachidicola, and 
also one of Sawada ’s paper. The translation of the former is particularly valuable be- 
cause the writer has been unable to obtain a copy of the original in America. Hori’s 
description is very brief, and his principal eiaim for priority lies in the type specimen 
which he prepared. 

3 writer is very grateful to Mr. Geo. T. Akamatsu for an English translation 
of this reference. 
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Sawada’s (22) illustrations of Gercospora personata sltq similar to those 
of Zimmermann, Butler, and Reinking, for Septogloeum arachidis, and of 
Maublane and Bal for C. personcuta. His illustrations of C. arachidicola 
are similar to those of Welles, Heald and Wolf, and Wolf. 

Maffei (15), in 1921, described a Gercospora with long, slender spores 
on peanut leaves collected in Italy, which he classified as a variety of Ger- 
cospora arachidis (G. arachidis var. macrospora). This writer considered 
G. arachidis as distinct from C. personata. No reference is made to Hori’s 
description of C. arachidicola. 

Only Hori and Maffei have actually described this species of Gercospora 
on the peanut; and, as Hori’s description has priority, G. arachidicola must 
be accepted as the name of this fungus rather than Maffei ’s G. arachidis 
var. macrospora. 

Bal (2) , 1921, was the first writer to illustrate the fungus having thick, 
abruptly obclavate conidia under the name Gercospora personata. 

In 1924 Maublane (17) published drawings of Gercospora personata 
that are very like those of Zimmermann, Butler, Bal, Reinking, and 
Sawada, for C. personata and Septogloeum arachidis. Maublane also ex- 
presses the opinion that this fungus possibly should not be classified as a 
Gercospora. Gercospora personata is considered as synonymous with 8. 
arachidis and G. arachidis; whereas, it is stated that G. arachidis var. 
macrospora may possibly be a different species. 

Miss Wakefield (25, p. 299) in 1921, and Mason (16) in 1928, list Sep- 
togloeum arachidis sjnoiajm of Gercospora personata. 

Ciferri (8), in 1925, expressed the opinion that possibly there was a 
Gercospora other than G. personata attacking peanuts in Dominica. 

Solheim and Stevens (24, pp. 368-369) include much detail in their 
description of Gercospora personata, which is evidently the same fungus as 
that of Ellis and Everhart. Gladosporium personatum and G. arachidis 
are given as synonyms, but no mention is made of Septogloeum arachidis, 
G. arachidis Yav. macrospora, or C. arachidicola. 

Gurzi (9) considers Gercospora arachidis and Septogloeum arachidis as 
synonymous with G. personata but expresses a doubt regarding (7. arachidis 
var. macrospora in the statement ^‘Essa e stata descritta concaratteri cor- 
rispondenti pui a una specie distinct a che a una varieta.^^ 

Saccardo (21) lists Gercospora personata and Septogloeum arachidis 
and cites Gladosporium personatum as a synonym of the former. No ref- 
erence is made to Gercospora arachidicola and C. arac/^^dw nor to the vari- 
ety of the latter described by Maffei. 

MATERIALS AND METHODS 

Material for study included leaves from field-grown as well as leaves 
from artificially inoculated plants grown in the greenhouse. Material for 
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microscopical examination was fixed in Flemming ^s weaker solution or in a 
solution of picric and sulpliurous acids in 75 per cent alcohol. Microtome 
sections were cut 6 to 8 p in thickness and stained with Heidenhain's Iron- 
alum Haematoxylin. 

In studying some of the herbarium specimens blocks of the leaves were 
soaked in a solution of potassium hydroxide for 24 hours, thoroughly 
washed, and fixed in Flemming’s weaker solution. 

Artificial inoculations were successfully made in a greenhouse with 
plants kept in a moist chamber. These chambers were frames covered with 
water-proof Cellophane or with Cell-o-glass. It was necessary to keep the 
plants covered in the greenhouse in order to obtain abundant infection and 
sporulation of the fungus. 

A COMPARISON OF HERBARIUM SPECIMENS OP LEAF SPOTS 
OP THE PEANUT 

The examination of herbarium specimens aided greatly in clarifying the 
last doubtful points regarding the nomenclature of the 2 fungi attacking 
the leaves of Arachis hypogaea L. 

The following specimens have been examined 

Kavenel, Fungi Caroliniani, Fasc. Ill, 1855. 

85. Cladosporium personaium Berk, et Curt, foliis Arachidis hypo- 
geae. Ex. Alabama quoque misit Beaumont foliis Cassiae 
oecidentalis. 

Ellis and Everhart, North American Fungi, Second Series. 

2480. Cercospora personata (B. & C.) E. & E. Starkville, Missis- 
sippi, Oct. 1888. Prof. Tracy. 

M. Baciborski, Cryptogammae Parisiticae, Insula Java Lectae. 

Nr, 50. Septoglaeum arachidis Eac. In foliis Arachi hypogaei. 
Tegal Leg. Eaciborski. 

Cercospora arachidAcola Hori. 

Collected by S. Hori Sept. 19, 1918. Matsudo, Prov. Schimosa. 

Cercospora personata (B. & C.) E. & E. 

J. C. Hopkins, Southern Ehodesia M. R. 1619. Amani, Tanganyika. 

Cercospora personata (B. & C.) G. B. Wallace, Tanganyika. No. 1161. 

Cercospora personata (B. & 0.) E. & E. F. Eyles, Southern Rhodesia. 

Nos. 4987 and 5001. 

Cercospora personata (B. & C.) E. & E. G. H. Jones, Nigeria (West 

Africa), 

Microtome sections of the first 3 specimens were prepared and examined. 
Eavenel’s collection described by Berkeley waS' found on examination to 

4 The writer is grateful to the following for the opportunity to examine herbarium 
specimens: Dr. 0. L. Shear, Bureau of Plant Industry, Washington, D. C., and to Dr. 
S. P, Ashby, Imperial Mycological Institute, Kew, Surrey, England, 
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liave conicliopliores developing on definite stromata, produced hypophyl- 
lously. There was much intercellular mycelium sending many branched 
liaustoria into the cells of the spongy mesophyll and palisade tissues. No 
conidia were observed either in sections or in mounts from the spots. How- 
ever, an examination of a specimen of a similar leaf spot (Cladosparium 
personat%im B. & C. var. occidentalis) on Cassia occidentaUs showed many 
short obclavate or cylindrical conidia. This point, together with the in- 
ternal mycelium, liaustoria, and hypophyllous eonidiophores of EavenePs 
type specimen on peanut leaves, shows that Berkeley examined the same 
leaf spot as that studied later by Eaciborski, Zimmermann, Ellis and Ever- 
hart, aL 

The collection (N. A. P. No. 2,480), determined by Ellis and Everhart 
as Cercospora personata, and Eaciborski ’s specimen of Septogloeum 
arachidis were both found to be the same as EavenePs collection described 
by Berkeley. The large stromatic conidiophore clusters and the liaustoria 
are the same in all 3 specimens. (Figs. 1, 6; 2, A). 



Pig. 1. Conidia and eonidiophores. x 540. A-B. Cercospora araehidieola from 
fresh material collected in Greorgia. C-I). C, aracMdicola, type specimen collected by 
Hori in Japan. E-P. C. araehidieola mllected. by Eyles in South Rhodesia. G. C, per- 
sonata N. A. P. No. 2480 identified by Ellis and Everhart. H. C. personata from mate- 
rial collected in Nigeria. ^ 
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Pig. 2. Cercospora personata. x493. A. Mycelium and liaustoria from specimen 
classified SlB Septogloeum aracliidis by Raciborski. B. Haustoria and internal mycelium 
from material collected in Georgia. 

Hori’s specimen of Cercospora arachidicola was found to have long", 
slender, obclavate eonidia. The halos about the spots are distinct (Fig*. 
1, C-D). 

The specimens of Cercospora personata collected by J. C. Hopkins in 
South Rhodesia were found to have long, slender, obclavate eonidia. The 
same is true of the collections by Eyles from the vicinity of Salisbury in 
South Rhodesia (Fig. 1, E-F). The specimens collected by Wallace in 
Tanganyika and those of Jones in Nigeria were found to have short, thick, 
abruptly obclavate or cylindrical eonidia. (Fig. 1, H). The conidiophore 
tufts on the lower surface of the leaf are concentrically arranged in many 
of the spots. The 2 latter are the same fungus as the type specimens of 
C, personata, Cladosporium personatum, and Septogloeum arachidis; 
whereas, the first 3 are the same as the species described by Hori as Cerco- 
spora arachidicola and probably by Maffei as C, arachidis var. macrospora. 
They are also the same as a leaf spot found in Georgia. 

COMPARATIVE DESCRIPTIONS OF TWO PEANUT LEAP SPOTS AND THEIR 
RESPECTIVE CAUSAL FUNGI 

Both microscopically and macroseopically the 2 leaf spots attacking pea- 
nut leaves are quite easily distinguished, especially when the spots become 
older. 

Cercospora arachidicola hork Syn. C. amc/iidis P. Henn. var. 
mo^Tospora Waft. 

Cercospora arachidicola produces irregularly circular, often confluent 
spots varying in size from 1 mm. to I cm. in diameter and surrounded by 
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a bright yellow halo, blending into the green of the leaf. Initial spots are 
yellowish specks. The color of the older spots varies from dark brown to 
almost black on the upper surface of the leaf but is usually a lighter brown 
color on the under surface. The yellow border is less pronounced on the 
lower than on the upper surface. (Pig- 3, A). Elliptical spots are often 
found on the stems and leaf petioles later in the season. 



Pig. 3. A. Upper surface of peanut leaf showing large irregular spots of Cetco- 
spora arachidicola. B. Lower surface of peanut leaf showing the raised round spots of 
U. personata. 


The mycelium is both internal and external. No haustoria have been 
noted. The mycelium is both intracellular and intercellular. 

The eonidiophores of Cercospora arachidicola amphigenous. In 
young spots the eonidiophores are produced almost exclusively on the upper 
surface of the leaf, but in older spots a few may sometimes be found on the 
lower surface. The eonidiophores are produced in 3 different ways ; first, 
they emerge directly through a stoma, forming a small fascicle of conidio- 
phores ; second, the mycelium grows out between epidermal cells or through 
a stoma and continues to develop under the cuticle, and from this mycelium 
fascicles of eonidiophores are formed; third, eonidiophores form from 
mycelium growing in epidermal cellB that are later ruptured by the devel- 
oping eonidiophores. The bases of the conidiophore groups are usually 
somewhat stromatic, especially when mature. (Fig. 4). 

The eonidiophores are subgeniculate 21.6-40.5 x 3.2-5.4p, yellowish 
brown, continuous or 1- to 2-septate- The sears marking the point of at- 
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Fig. 4. Cercos'poTa araeliidicola, x493. A—B. Conidiophores developing from 
myeelium beneath, the cuticle on the upper surface of a leaf. C. Mature group of 
conidiophores showing the stromatic base. B. Mycelium growing beneath the cuticle on 
the lower surface of the leaf. E. Myeelium of a young conidiophore fascicle developing 
within an epidermal cell. 

tacliment of the eonidia are plainly visible. The colorless, or pale yellow- 
ish to slightly olivaceous, obclavate eonidia, measure 37.8-108 x 2,7-5.4 p 
and are 4- to 12-septate, the usual number being 5 to 7. In dry weather 
the number of septations are fewer. (Pig. 1, A-B). 

The eonidia germinate in water and in slight accumulations of water on 
the surface of cover glasses placed over a van Tiegham cell. The manner 
in which they germinate depends on the amount of moisture present. 



Pig. 5. G-erminating eonidia of Cercospora arachidicola, x 360. A-P. Germinated 
in heavy film of water on cover glass placed over water in a van Tiegham cell. G-J. 
Sw^elling of cells in a film of water too thin for ready germination. 


1933] 


■WooDROOF : Two Leaf Spots op the Peanut 


637 


Under favorable conditions long germ tubes develop in about 12 hours from 
any of the several cells, of the conidium, often several tubes from a single 
conidium. With insufficient moisture the cells may swell ■without develop- 
ing germ tubes (Fig. 5). 

Spermogonia develop on fallen leaves late in September or early in Octo- 
ber. At about the time the spermogonia begin to develop the internal my- 
celium becomes very thick walled. 

In artificial culture the mycelium grows very slowly, forming a dense 
black mass. Conidia have not been observed in culture. 

Cercospora personate (B. & C.) E. & E. Syn. Cladospormm 
personatum B. & C. Septogloeum arachidis Eac. 

Cercospora arachidis T. Henn. 

Cercospora personata spots are circular and measure from 1 to 7 mm. 
in ditoeter. Halos are wanting or are a pale yellowish green on the lower 
surface. Bright yellow halos develop around the more mature spots on the 
upper surface of the leaf. 

The mycelium is internal, no external mycelium having been observed. 
Branched haustoria develop in the palisade and spongy mesophyll cells 
(Fig. 2, B). Late in the season the mycelium becomes thick walled. 

The conidiophores are amphigenous but more numerous on the lower 
surface, where the tufts are often arranged concentrically, especially in the 
larger spots. These can be seen easily with the naked eye. (Fig. 3, B). 
Elliptical spots often appear on the stems and on the leaf petioles. 

The conidiophores measure 24.3-54 x 2.7-8. 1 |i and are continuous, or 1- 
to 2-septate, subgeniculate or shouldered, the points of attachment of the 
conidia being plainly visible. The color is reddish brown and the apices 
are often hyaline. The conidiophores develop from loosely stromatic 
masses of mycelium that form beneath the epidermis, frequently in the 
spaces beneath the stomata. The epidermis is ruptured as the conidio- 
phores emerge. The bases of the tufts become more densely stromatic as 
they mature. (Fig. 6, A, B). 

The obclavate or cylindrical conidia measure 18-60 x 6.4^10.8 p and are 
1- to 7-septate. The larger conidia are usually rather abruptly attenuated 
at the apex. In some instances the shorter 1- to 3-septate conidia are cla- 
vate rather than obclavate. The color is a pale brown and in some cases 
almost olivaceous. The conidia are produced singly. (Fig. 6, C, D). 

Spermogonia develop during the fall. * 

DISCUSSION 

It is clear from the literature review that 2 leaf spots may occur wher- 
ever peanuts are grown. That this fact has been generally recognized 
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Pig. 6. Cercospora personata. x 540. A. Primoxdium of coiiidiophore tuft devel^ 
oping beneath a stomatal opening on the lower surface of a leaf. B. Mature eonidio- 
phore tuft showing the stromatie base. C. Conidia. D. Conidiophores. 

withotit distinguishing the 2 has led to much confusion in the description 
and nomenclature of the causal fungi. Hori (13, p. 26) and Sawada (22) 
have described both leaf spots and their causal fungi and are the 
only writers who seem to have understood the confusion existing. Unfor- 
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tunatel}" their descriptions are little known.® The purpose of this paper 
has been to direct the attention of pathologists and mycologists to the oc- 
currence of 2 leaf spots on the peanut {Arachis Jiypogaea L.). 

From the literature review and from observations at the Georgia Ex- 
periment Station it has been concluded tentatively that Cercospora aracM' 
dieola rather consistently year after year^ even when the weather is 

quite dry. Cereospora personata occurs at irregular intervals. In some 
seasons it is very severe, while in others few, if any, spots are to be found. 
In the 2 seasons in the last 5 years that C. personata has appeared at the 
Georgia Experiment Station it was undoubtedly the most destructive. 
More complete defoliation occurred in the years when C. personata was 
abundant. The conditions conducive to the development of C. personata 
are not well enough understood to attempt to explain why it appears only 
in certain years. Possibly w-et seasons are more favorable to its develop- 
ment than the drier seasons. 

SUMMARY 

Two leaf spots have been found attacking the leaves of peanuts {Arachis 
hypogaea) in Georgia. 

The nomenclature of the fungi attacking the leaves of peanuts is much 
confused. 

A study of literature and a comparison of specimens from several col- 
lections have shown that there are often 2 leaf spots in nearly all peanut- 
growing areas, both sometimes appearing on the same leaf. 

Cereospora personata (B. & C.) Ell. & Ev. has been generally accepted 
as the correct name of one of the fungi attacking the peanut. This fungus 
has abruptly obclavate or cylindrical conidia and the conidiophore tufts are 
concentrically arranged in the spots on the lower surface of the leaf. 

Cereospora arachidicola Hori is probably the most common but is ap- 
parently the least destructive of the 2 fungi. 

Experiment, Ga. 
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^^BIG BUD/^ A VIRUS DISEASE OP THE TOMATO 
Geoffrey Sam USD, ^ J. G. Bald/ and C. K. Eardley® 
(Ac<iepted for publication August 31, 1932) 

'^Big bud” disease of the tomato was first described by Cobb (2) in 
New Sontli "Wales, under the name ‘^rosette.” The disease is now known 
by tomato growers in different localities in Australia under the names big 
bud, rosette, ^'blue top,” or ^'bunchy top.” For reasons given below, it 
has been considered advisable to adopt the name big bud as being the most 
generally satisfactory common name. 

Sinee Gobbis first description of the disease, only short notes on it, with 
or without an illustration, have appeared in general articles on tomato dis- 
eases in Australian agricultural journals (3, 5, 9, 10, 12). In all the notes 
that have appeared to date, it is stated that the cause of the disease is not 
known, although in the New South "Wales Parmer^s Handbook (9) it is said 
that ^^the available evidence suggests that it is a disease of the virus type.” 

The experiments reported in the present paper confirm this suggestion 
and show that the disease can be transmitted by budding and grafting. No 
insect vectors have yet been discovered. The following account is pre- 
sented mainly with the idea of calling attention to morphological and ana- 
tomical changes, which differ from those associated with any other virus 
disease. 

NAME OP THE DISEASE 

The name rosette, used by Cobb, has priority as far as date of publica- 
tion is concerned, and it would have been retained if there had been no 
objections to it. These may be stated as follows : 

(1) The name ‘ 'tomato rosette” has since been used for other diseases. 
Selby (11) used the terms ^'potato rosette” and tomato rosette in the early 
part of the century for a disease that he attributed to Ehizoctonia solani, 
but his conclusions have not been generally accepted. Chupp (1) gives the 
name rosette for a tomato disease of unknown cause investigated by Orton 
and McKinney in Pennsylvania, but the report of this work is not avail- 
able to us. Prom the description of symptoms given by Chupp, however, 
the disease is evidently different from the one dealt with in this paper. 

(2) Although it is admitted that the final effect of the Australian dis- 
ease is to give affected plants a dense, tufted habit, well described by the 

1 Plant Pathologist, Waite Agricultural Eesearch Institute, Glen Osmond, South 
Australia. 
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for Scientific and Industrial Beseareh. 
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term rosette, this is not evident until a comparatively late stage. The most 
prononneed early symptom is an enlarged bladder-like calyx; and it seems 
advisable on general grounds to draw the attention of growers to early 
symptoms in preference to late. (Froggatt (5) even considered the early 
stage to be a separate disease, for which he proposed the name Sheath- 
calyx. ’0 

(3) It will become apparent from the description given below that a 
iiiuiiber of the symptoms are not paralleled in the rosette diseases of the 
virus type (peach rosette, wheat rosette, peanut or groundnut rosette) 
already described. 

For these reasons the name big bud is proposed in place of rosette. It 
has the merit of being in fairly general use already, of drawing attention 
to the earliest symptom of the disease, and of avoiding confusion with the 
other tomato-rosette conditions. It also leaves the term rosette free in case 
one of these diseases is later found to be a definite entity requiring a name 
of this type. One disadvantage of the name, though not considered a 
serious one, is the fact that it has already been used for a disease of black 
currants in England caused by mites, which is often asso-ciated with the 
virus disease reversion. There appears to be no connection between 
the big-bud conditions caused by the mites and the virus disease, however. 

R. J. Noble and D. B. Adam, plant pathologists in New South Wales 
and Victoria, respectively, have been consulted, and also favor the adoption 
of the name big bud. The name bunchy top should be avoided and reserved 
for the disease described by McClean (8) from South Africa. 

OCCURRENCE 

As far as is known, tomato big bud does not occur in any other country 
than Australia, where it is found to some extent in all the States, but most 
frequently in New South Wales and Victoria. Usually only a very small 
percentage of plants are affected, and these occur scattered at random in 
the field. In South Australia, over a period of 10 years, no case has been 
seen where more than 5 per cent of plants have been affected, and the num- 
ber is usually much smaller. In Victoria, Strickland (12) speaks of the 
results from manurial plots in 1930 being spoiled by the disease, which 
occurred to the extent of 10 per cent. In New South Wales, considerably 
higher proportions have been recorded at times. R. J. Noble, in a letter, 
speaks of cases where 50 to 100 per cent infection has been observed. 

The prevalence of the disease varies from season to season, probably 
depending largely upon the abundance of some as yet undiscovered insect 
vector. It is predominantly a late-season disease, appearing in January 
or February, the midsummer and late summer months. 
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Plants affected with big bud may also become infected with spotted wilt 
or mosaic, and occasionally plants already infected with these diseases have 
been noticed to become affected with big bud. 


Fig. 1. A. Slioot of Dwarf Champion tomato with early stage of big bud. The 
flowers on the lowest truss were just opening when the virus invaded the top of the 
plants. B. Shoot of infected plant about 5 weeks after symptoms first visible. Note 
reduction of flower trusses to papillate branches at X. Both A and B from plants 
budded in glasshouse. C. Fairly late stage of big bud on a pruned Sensation plant from 
the field. D. Late stage on a pruned Marglobe plant from the field. Note that the 
branch T is mor]ihologically a fruit truss. 
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SYMPTOMS 

Plants affected with big-bud disease are characterized by some remark- 
able teratological growth changes, particularly in the flowering parts. 

The Shoot. The first indication of infection appears at the tips of 
actively growing shoots. The youngest fruit truss, instead of becoming 
recurved as in normal plants, assumes an upright position (Pig. 1, A). 
The buds on the truss also point in a vertical direction, the calyx segments 
remain united almost to the tips, and the whole calyx enlarges to a form 
like a bladder with a toothed opening at the top. On pruned plants in the 
field the main shoot soon ceases growth, and the young leaves at the growing 
point fail to develop normally. A purple coloring due to the development 
of anthocyanin is often particularly marked along the veins of the bladdery 
calyces, on the under sides of the young leaves and on the youngest portion 
of the stem. 



Pig. 2. A-C. Effect of the big-bud virus when it invades fruit trusses that have 
just set. Note arrest in growth of fruit, bursting of hardened pericarp exposing aborted 
ovules, thickening of pedicels commencing at absciss layers, adventitious shoots on 
pedicels, and longitudinal splits exposing inner tissues. D-E. Dift'erent types of floral 
proliferation on tomato x currant-tomato crossbreds infected with big bud. 
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After a short time the axillary buds grow out; forming shoots aifected 
in the same way as the main shoot. Simultaneously, there is a gradual 
thickening of the steins of the affected parts (Fig. 1, C) due to the forma- 
tion of an abnormal tissue, described later, in close association with the 
internal phloem. In cases where the growth of the terminal buds com- 
pletely ceases, the thickening of the stems may become very marked, and a 
diameter of li to cm. be attained, even in what is morphologically a 
fruit truss. (Fig. 1, D.) Adventitious root initials break through the 
epidermis, and longitudinal splits may appear, laying bare the internal 
tissues in sears of characteristic form. (Fig. 1, D, and Fig. 2, B.) 

On infected plants that are unpruned there appears to be more outlet for 
the increased growth activity in the development of numerous lateral shoots. 
The axillary buds of these lateral shoots grow out in turn, instead of 
remaining dormant, and the flowers proliferate as described below, so that 
the infected plant finally acquires a very tufted, rosette habit of growth. 
Partially pruned plants with a number of laterals already in this late stage 
are shown in figure 3, A and B. 

In the greenhouse infected plants were observed to grow more rapidly 
than the uninfected at first, but after a few weeks they gradually ceased 
growth at the tips and acquired small purplish leaves. (Fig. 1, B.) 


Pig. 3. Late stage of big bud on partially pruned field plants. A. At Bendigo, 
Victoria. B. On tomato X currant-tomato crossbred, Waite Institute, South Australia. 
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The Leaves. The first eifect of the virus on young developing leaves 
may be to stimulate the formation of more small lateral leaflets from the 
main and secondary petioles. There may also be some upward rolling of 
the leaf margins. After some time the youngest leaves become yellowish 
green in color, particularly at the margins, the lateral leaflets are often 
much reduced (Pig. 1, B-D), and there is usually a purpling underneath 
due to the formation of anthocyanin in the cells of the lower epidermis. As 
the disease progresses, smaller and smaller leaves are formed, until in the 
dense rosettes that are finally produced the leaves may be only a centimeter 
or 2 long. 

The Flower. Flowers that are fully formed at the time the virus in- 
vades the truss become erected from their recurved position but' undergo 
little change beyond a slight virescence of the petals, appearing first along 
the midribs (Pig. 1, A) . In younger flowers, just opening at this time, the 
corolla may become either stunted or enlarged and completely virescent. 
In both cases, there is a cessation of further development of anthers and 
ovary. 

In buds at the end of the first infected truss and in all buds formed on 
subsequent trusses (Fig. 1, A) the sepals remain united and enlarge, so 
that the calyx swells up to the bladdery form previously described. Buds 
such as these never develop to normal flowers, and the central parts are 
either completely arrested in growth or proliferate in various ways, as 
follows. 

There may be marked phyllody of the corolla, which frequently develops 
to a whorl of simple green petiolate leaves 1 to 3 cm. in length (Pig. 2, D~P) . 
The insertion of this whorl of corolla leaves may remain close to the base 
of the calyx, the leaves scarcely or not projecting, or it may occasionally 
be carried up by an extension of the floral axis as much as 2 cm. above the 
calyx insertion (Pig. 2, D). 

The anthers are usually inserted just above the foliaceous petals; they 
are pale in color and gradually die from the tip downwards without de- 
hiscing. Owing to the thickness of the proliferated axis of the flower they 
are not syngenesious, as in normal flowers, but are inserted singly between 
the corolla leaves (Fig. 2, D). Occasionally single anthers are carried 
partially up the proliferated central axis. 

The gynoecium is frequently carried up some 1 to 2 cm. on the pro- 
liferation of the central axis of the flower. In these cases, there is usually 
a distinct phyllody of the carpels, the individual leaves being either com- 
pletely united to their apices o.r at least partially united by their margins 
and petioles (Pig. 2, E and P). In the former case, a transverse section 
of the gynoecium shows placental ridges bearing rudimentary ovules, in 
cavities with thin foliaceous outer walls. In the latter case, where there 
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is further development of the carpellary leaves, the extended axis of the 
flower gives rise to a system of short, thick-branched shoots some 1 to 2 cm. 
long (Pig. 2, P) with a characteristic dichotomous forking at the apices. 
Sometimes, however, the proliferating branches terminate in a second series 
of affected flower buds (Pig. 2, D). The proliferation of the central axis 
of the flower to a number of short-branched shoots may also occur without 
there being any sign of carpellary leaves developed. 

The short shoots with dichotomous branching at the apices, which usually 
arise from the proliferated floral axis, bear minute colorless papillae at 
their tips (Pig. 4, A), with a few small leaf rudiments intermingled. They 


i 



Fig. 4. A. One of the ultimate branches of a structure such as in 0, showing papillae 
intermingled uith leaf rudiments. B. Longitudinal section of a flower in which in addi- 
tion to virescent petals and foliar carpels is a central structure with papillae. « C, Beduc- 
tion of flowering truss to a dichotomously branched structure with papillae at the tips, 
on a tomato x currant-tomato crossbred infected with big bud. 
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are usually strongly colored with anthocyanin. From occasional cases, 
such as that shown in Figure 4, B, where these papillae appear at the 
summit of a single short structure in the position of the gynoeeium, the 
papillae appear to be homologous with ovules. There is no structural dif- 
ferentiation within them, however, and they later turn brown and die. 

In later stages of the disease, the characteristic system of dichotomously 
branched shoots terminating in papillae frequently arises directly from the 
stem (Fig. 4, C) in such a position as to indicate that it represents a com- 
plete flower truss. In these eases it would appear as if the intermediate 
stage of flower formation had been suppressed and the final end of pro- 
liferation to this remarkably changed gynoecial structure attained directly. 

The Fruit. Fruit already set when invaded by the virus is immediately 
arrested in growth (Fig. 2, A-C). In very young fruit there is sometimes 
a slow subsequent growth of the placental tissues that bursts the thin 
ovary walls and exposes the aborted ovules (Fig. 2, A). The latter may 
grow for a little while to greenish papillae (devoid of internal structure) 
projecting from the exposed placenta (Fig. 2, C). Meanwhile, the usual 
thickening of the stems characteristic of the disease appears on the younger 
parts of the truss, becoming most pronounced first at the absciss layer below 
each fruit (Fig, 2, A-C) . Adventitious shoots may arise later from several 
places on the truss and grow and branch profusely in the usual way until 
they finally form a rosette of small leafy shoots. The adventitious shoots 
may arise not only from any part of the pedicels but from the aborted 
placental tissue, or even from between the arrested ovary and the calyx, 
in the position of the corolla. 

Fruit that was well developed but still green at the time of infection 
becomes hard and tough and colors extremely slowly or not at all. In the 
younger fruit there may be a necrosis in the centers of the young embryos, 
which are embedded in a firm parenchymatous tissue with thick cellulose 
walls instead of in a tissue soon becoming gelatinous, as in normal fruit. 

The Boots, No pathological changes have been observed in the roots 
of plants affected with big-bud disease. 

ANATOMICAIi CHANGES 

The anatomical changes associated with the abnormal flower parts will 
not be dealt with in this paper. Here it is desired to call attention only 
to a very characteristic tissue that develops in association with the internal 
phloem in affected parts of the stem. In very much thickened stems, such 
as those in figure 1, C and D, this tissue is easily visible to the naked eye. 
When the stem is cut across it is seen as a band about 1 to 2 mm, across, 
internal to the wood, having a somewhat greenish, water-soaked appearance, 
owing to the close packing of the cells of which it is composed. 
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Pig. 5. Photomicrograph of a transverse section of a pedicel below an enlarged 
calyx. Note great development of adventitious tissue in place of internal phloem. 

A transverse section from the pedicel below a bladder-shaped calyx is 
illustrated in figure 5. The great development of internal phloem tissue 
eharaeteristie of the disease is immediately evident. The tissue is unlike 
normal phloem, however, in that the great bulk of it consists of small cells 
with prominent nuclei very similar to companion cells, that sieve tubes are 
rare, and that isolated tracheids are also found within it. 

The tissue is found in all parts of the stem formed subsequent to infec- 
tion by the virus. Arising first in scattered groups, resulting from the 
division of isolated pith cells, it soon increases and forms a continuous band. 
It is present also in considerable amount in the pedicels of affected fruit 
trusses and to a less extent in the petioles and midveins of the leaves. 
Wherever much of this tissue has been formed considerable amounts of 
starch are present in the pith. 

No intracellular inclusions of the type described for certain mosaic dis- 
eases have been noted. 

TEANSMISSION TESTS 

Mechanical Transmission, No cases of successful mechanical inocula- 
tion of tomato big bud have yet been obtained. Freshly expressed juice 
from diseased field plants was used for inoculation to healthy tomato plants, 



650 


Phytopathologt 


[VoL. 23 


varying from seedlings to plants 15 in. or more in height. Inoculation was 
by rubbing the surfaces of a number of leaves, by needle scratching, or by 
injections of juice with a hypodermic syringe. The plants were kept from 
5 to 9 weeks after inoculation, but all the experiments, which were done at 
various times, gave negative results. A number are summarized in table 1. 

Budding and Grafting. Budding and grafting experiments, in which 
buds and scions from field plants diseased with big bud were used, have 
given successful transmission in every ease in which the bud or scion re- 
mained alive. Transmission occurred even when the bud itself died and 
only a small pad of cortical tissue from the diseased plant lived and formed 
organic union. No transmission occurred in any ease when the buds or 
scions died completely except in 3 cases in which grafted plants contracted 
the disease in spite of death of the scions. The scions on these grafted 
plants died very slowly, however, and it is possible that a .small portion of 


TABLE 1 . — Bimmary of transmission tests with Mg-hud disease of tomato'^- 


Bate 

Method of 
inoculation 

Plants Plants 

inoculated infected 

Incubation 

period 

(days) 

Notes 

8.3.30 

Rubbing + 

3 tomato 

0 


Discarded after 38 days 


Needle 

3 tobacco 

0 




Scratching 

3 Nic. glxiiinosa 

0 



13.3.30 

Rubbing + 

5 tomato 

0 


Discarded after 33 days 


Needle 

5 tobacco 

0 


a ^ ^ 42 “ 


Scratching 

3 Nic. glutinosa 

0 


it a c ( ic 

—.1.32 

Rubbing 

10 tomato 

0 


Discarded after fruit set 

17.3.32 

Rubbing 

24 tomato 

0 


^ ^ ^ ^ 65 days 

17.3.32 

Hypodermic 

24 tomato 

0 


C ( ( C i( (( 

1.2.32 

Grafting 

10 field tomatoes 

1 

32 

9 grafts failed 

13.2.32 

Budding 

4 field tomatoes 

4 

31, 37, 37, 43 


18.2.32 

Budding 

16 field tomatoes 

16 

28-36 


8.3.32 

Grafting 

10 tomato 

3 

47-84 

10 grafts but none took. 






3 cases of transmission 

8.3,32 

Budding 

15 tomato 

15 

47-56 

Repotted when pot-bound 



4 tobacco 

0 


6 other buds failed 



4 Nic. glutinosa 

0 


2 other buds failed 

17.3.32 

Budding 

6 tomato 

6 

56 

Repotted when pot-bound 


a All plants were kept in an insect-proof greenhouse exceidt where it is definitely 
stated that field tomatoes were inoculated. Controls in the greenhouse and in the field, 
budded with healthy buds, remained healthy. There was no further natural spread of 
the disease in the surrounding field plants at the time the successful transmissions were 
obtained by budding and grafting. 
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tissue in a favorable position formed organic union during the first week 
or 2, but later died with the rest of the scion. The budding and grafting 
experiments are also summarized in table 1. 

The incubation period varied from 28 to 56 days. The longer incuba- 
tion periods were on older plants in the field or on plants that became rather 
potbound in the greenhouse. Many of the greenhouse tests were done on 
plants in 6-in. pots before it was realized that the incubation period was 
always long, and after some 3 to 4 weeks, when growth was obviously slow- 
ing up because of the small pots, the plants were transplanted to 8-in. pots 
and later developed the disease. It is considered that the average incuba- 
tion period in plants kept growing under good conditions will be found to 
be somewhere near the minimum obtained in these experiments, 

HOSTS OTHER THAN TOMATO 

Plants of have been found near the tomato plots, 
almost certainly affected with the big-bud disease. Besides reduction in 
size of the leaves, and the presence of numerous axillary shoots, the flower- 
ing trusses were replaced by short branches with terminal papillae of the 
type described for the tomato disease. An adventitious internal phloem 
tissue similar to that found in tomato big bud was also present. In at- 
tempts to transmit the disease by budding to tomatoes, all the buds un- 
fortunately died. 

Pour tobacco plants and 4 Nicotmna ghitinosa plants were suceessfully 
budded with diseased tomato buds. No transmission to these plants took 
place, however, and flowering, which occurred some 14 to 15 weeks after 
budding, was quite normal in both species, the inserted diseased buds being 
still alive and a few of them having grown considerably. 

DISCUSSION 

The disease that presents the closest parallel to tomato big bud as re- 
gards effect on the host plant is undoubtedly cranberry false blossom, 
transmitted by the jassid Euscelis striatulus (4:) , A stimulation to the 
growth of axillary shoots, erection of the normally recurved pedicels, en- 
largement of the calyx lobes, virescenee of the petals, abnormalities in 
stamens and ovaries, and frequent floral proliferation are all characters in 
common between the two diseases. Teratological changes proceed some- 
what further in the tomato disease, however, in adhesion of the enlarged 
sepals, more marked changes in proliferation of the ovary, and particularly 
in the formation of the branches bearing papillae (Pig. 4). 

Less marked floral changes, including virescenee and proliferation, have 
been described for aster yellows and alloiophylly of anemones (6), but in 
these cases they are not invariably associated with the diseases. And, of 
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course, a stimulation to tlie growth of lateral shoots and a general upright 
habit of growth are characteristic of a number of virus diseases. One such 
disease, witches’ broom of potatoes, has been transmitted to tomatoes (13). 
On the latter host, it has the following symptoms in common with tomato 
big bud: (1) the shooting of axillary buds, (2) marked dwarfing of the 
leaves at the growing points, (3) yellowung of the margins of the young 
leaves, and (4) purpling of the veins on the under sides of the leaves. That 
the diseases are distinct, however, is certain from the description of 
witches’ broom on tomato given by Young and Morris (13). They state 
that their plants ''bloomed profusely, and produced many small fruits; the 
buds and flowers developed normally.” Their illustrations show flower 
trusses normally recurved, and there is a spindliness of infected stems 
rather than the thickening characteristic of tomato big bud. 

The only parallel to the adventitious tissue that arises in association 
with the internal phloem in tomato big bud seems to be the phloem gall of 
Fiji disease of sugar-cane (7). This, however, is localized, so that numerous 
discrete galls are produced, whereas in tomato big bud the tissue soon forms 
a continuous thick band in all the new growth produced after infection, 
and the external phloem is not affected. 

SUMMARY 

Big-bud disease of tomato, originally named tomato rosette by Cobb, 
occurs in all Australian States, but most frequently in New South Wales 
and Victoria. 

Abnormalities in the floral parts, involving reversal of the normal geo- 
tropic response, and various forms of over-growth, adhesion, virescence and 
proliferation are the most characteristic symptoms. The shooting of axil- 
lary buds and the formation of dwarfed leaves lead to a very tufted habit 
of growth in the later stages. 

The stems of affected plants are somewhat thicker than those of normal 
plants, due to the formation of an abnormal tissue in association with the 
internal phloem. 

The disease could not be transmitted by mechanical inoculation, but 
readily by budding and grafting, the shortest incubation period being 
28 days. 

The insect vectors of the disease have not yet been discovered. 

Some field plants of Solarium nigrum showed symptoms similar to those 
of diseased tomatoes. 

Buds from big-bud diseased tomatoes did not transmit the disease to 
tobacco or Nicotiana glutinosa. 

Waite Agricultural Kesearch Institute, 

University op Adelaide,, 

South Australia. 
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‘‘SUSPECTED MOSAIC’’ OP THE STRAWBBREY^ 

E . F . Gub A 

(Accepted for publication September 19, 1932) 

III view of the interest being shown in this chlorotic leaf condition of 
the strawberry (Fig. 1), it may be timely to offer a brief account of the 
writer’s observations in Massachusetts and of his efforts to determine the 
nature of this disease. Some of the information obtained confirms the re- 
sults of other workers and is offered to support certain opinions as to the 
nature of the trouble. 

This strawberry disease has already been studied by Berkeley (1, 2), 
Plakidas^ (5) , and Clark (3) . Berkeley, w^ho called it “suspected mosaic, ’ ’ 
was unable to produce the disease artificially. He found it to be seed-borne 
and systemic. According to him, it is confined to new seedling varieties, 
and does not spread in the field from one variety to another. The illustra- 
tion accompanying Berkeley’s article shows the chlorotic character of the 
disease and the pronounced dwarfing of a diseased plant. In Ontario, the 
symptoms appear with the unfolding of the leaves in the spring, disappear 
with the hot weather of early summer, and reappear again the following 
spring. These observations led Berkeley to entertain the feeling that the 
trouble was of genetic origin. Clark, who called the disease “non- 
infectious chlorosis,” considered its connection with a virus of the mosaic 
type rather unlikely, because (a) the chlorotic leaves are not crinkled, (b) 
most, but not all, of the seedlings of chlorotic plants are chlorotic, and (c) 
all degrees of chlorosis prevail from apparently normal plants to those al- 
most completely devoid of chlorophyll. The crinkling of the leaves, or a 
variation in the intensity of the symptoms, should not, however, argue more 
strongly for a genetic than a virus hypothesis. The crinkled condition of 
some of the foliage is quite characteristic of the disease (Fig. 1, A). Ac- 
cording to Clark, it seemed probable that the condition was hereditary and 
was caused originally by a gene mutation, although further convincing evi- 
dence seemed desirable. Plakidas, like Berkeley, failed to produce the 
disease artificially with sap transfers, insects, or by reciprocally grafting 
diseased and healthy strawberry runners. He noted that a percentage of 
seed-propagated plants from chlorotic parents developed the disease the 
second year. Thus, very good published evidence makes doubtful the in- 
fectious nature of the trouble, but neither has the hypothesis of an hered- 
itary condition been entirely convincing. 

1 Massachusetts Agricultural Experiment Station Contribution No. 152. 

2 Plakidas, A. G. Report on strawberry virus project. U. S. Dept. Agr., Bur. Plant 
Indust., Plant Dis. Bptr. 13; 129-131. 1929. 
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Fig. 1. STuiptoms of strawberry yellows. A. Puckered and streaky-mottled leaf. 
B. Grayish -white appearance around margin of leaf. C. Healthy leaf. D. Diseased 
plants of Howard 17 strawberry as they appear in the row in the held. 
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In Massacliusetts thi^ same disease referred to as gold leaf’ by Guba 
(4) is confined to the Howard 17 variety, expressing itself in plant degen- 
eration and crop depreciation. In districts outside of New England it has 
been reported especially on Van Dyke, Eaton, some other new varieties, and 
many unnamed seedlings, none of which is grown in Massachusetts. Of 
particular interest is the fact that chlorosis is manifested in late April after 
the new beds are planted but disappears by the first week in July. This 
periodic appearance and disappearance of the disease is certainly not 
characteristic of viroses. The foliage, blossoms, and fruit show all stages 
of dwarfing, according to the intensity of the chlorotic condition, but no 
manifestation of so-called mosaic ever has been noticed in the fruit. 
Plants from a chlorotic source are much more difficult to establish in new 
plantings than normal plants, resulting in broken rows or skips (Fig. 2). 
There is also some mortality among chlorotic plants in the beds. 


Fig. 2 . Howard 17 strawberry bed in mid- June showing skips where severe chlorosis 
has resulted in plant mortality, and patches of chlorotic plants. 

The chlorotic condition is quite general on the Howard 17 variety in 
eastern Massachusetts but its prevalence in strawberry beds is variable. In 
some beds it is general but in the majority of them its distribution is local- 
ized to one or more spots. Beds completely free of the trouble are un- 
common. 
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In the writer’s studies, seed from affected plants produced both clilorotic 
and heathy seedlings (Fig. 3), and the characteristic symptoms were mani- 
fested as soon as the seedlings developed their first true leaves. The ten- 
dency to dwarfing was very pronounced and ultimately the chlorotic seed- 
lings died, their mortality being associated with almost complete absence 
of chlorophyll (Fig. 3). This inhibition in the development of chlorophyll 
is known to be characteristic of genetic chloroses in contrast to a degenera- 


Fig. 3. Strawberry seedlings from a chlorotic parent. A. Chlorotic seedling. B. 
Normal seedling of same age as A. 0. Normal and chlorotic seedlings of same age in 
same pot. The chlorotic seedling at the right is extremely dwarfed and almost entirely 
free of chlorophyll. 
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tion of ciiloropliyll as in viroses and is strong evidence in favor of a genetic 
hypothesis.^ M cross-sections of leaves from chlorotic and normal 

seedlings reveal a distinct contrast in the number of chloroplasts, (Pig. 4) , 
and in the growth of the leaf tissues. 


Pig. 4. Sections of normal and chlorotic leaves of strawberry seedlings. A. Normal 
leaf showing abundance of ehloroplasts. B. Chlorotic leaf entirely free of ehloroplasts. 
C. Chlorotic leaf showing a less complete inhibition in development of ehloroplasts. 
xl50. 


Efforts at artificial transmission of the trouble by possible insect vectors, 
notably aphids, white flies, tarnished plant bugs, leaf hoppers, and red 
spiders, and by inoculation with sap from diseased plants failed in all in- 
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stances/^ Fertilizer dressings of iron snlfate, basic slag, dolomite lime, 
potassium permanganate, and manganese sulfate failed to effect any cliange 
in the expression of the trouble. 

Certain observations in Massachusetts in the pavSt few years would seem 
to thro^v further light upon the nature of the disease. A completely chlo- 
rotic bed was observed in the spring of 1932. This bed was planted in 1931 
with seedlings that had come voluntarily from a normal green bed of 
Howard 17, which had been plowed under in 1930 because of rot in the 
berries. In previous years, when vegetative propagation was practiced, the 
grower had never observed the condition in his stock but when he resorted 
to sexual propagation it appeared suddenly. This observation is in agree- 
ment with the reports of Clark and Berkeley of instances of the sudden 
development of ehlorosis among seedling varieties. The extent to which 
sexual propagation of strawberry plants is practiced is not known. Straw- 
berry seedlings will grow where an old bed has been plowed under or w^here 
cull berries are dumped during the harvest season, and it is possible that 
some such plants have been used for propagating new beds. The practice 
of removing blossoms during the first year is by no means thorough enough 
to prevent the appearance of volunteer sexual plants in the rows. It is 
barely possible that some growers have used such plants in propagating 
from 2-year-old beds. If the hypothesis of a genetic condition is correct, 
sexual propagation would suggest an adequate explanation for the trouble. 

The chlorotic condition is systemic. Where its prevalence is slight it 
does not become economically important unless a large number of daughter 
plants from chlorotic mother plants are used in the new planting. It is im- 
possible for the grower to avoid these because the chlorotic condition does 
not appear until after the new beds are planted in the early spring. Fur- 
ther, in two efforts in 1930 and 1931 no success in the control of chlorosis 
attended selection and rogueing in the preparation of new beds when the 
vegetative stock used was originally from a moderately prevalent chlorotic 
source. In spite of these efforts, the disease was very prevalent in the spring 
of the bearing year. 

In 1930 a bed of Howard 17 was set with daughter plants from a source 
showing a faint evidence of chlorosis. The chlorotic condition was not evi- 
dent in the bed until the spring of 1931. In that season the chlorotic areas 
were definitely marked off. In 1932 spread appeared but it was too remote 
from the original chlorotic areas to have a systemic connection with plants 
showing chlorosis the previous season. Another bed was planted in 1931 
with carefully selected chlorosis-free daughter plants from a bed in which 
the disease was present. During the spring of 1931 all plants suspected of 

3 Studies with insects were conducted under the direction of W. D. Whitcomb of the 
Department of Entomology. 
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showing chlorosis were removed. In the early spring of 1932 chlorotic 
daughter plants appeared to originate from normal green mother plants but, 
in the latter part of June, the chlorotic condition appeared generally in the 
rows. 

These observations would suggest that these plants were potentially 
chlorotic but that the expression of the trouble was masked by the environ- 
ment. It is difficult to believe that the trouble is due to an infectious virus 
in view of its behavior, of the negative evidence of transmission offered by 
Plakidas, Berkeley, and the writer, and of the fact that the condition has 
been developing among certain of the newer seedling varieties. 

The manifestations of strawberry chlorosis are controlled or modified by 
the environment. Dry spring weather conditions seem to mask and modify 
the intensity of the trouble and to delay its appearance, while moist weather 
conditions favor its expression. Observations clearly indicate that poten- 
tially chlorotic plants do not always become chlorotic. 

The disease is unquestionably of genetic origin and undoubtedly the 
result of a recessive genetic factor the expression of which is influenced by 
the environment. Where normal green plantings are being maintained the 
original heterozygous Howard 17 cion is undoubtedly being preserved by 
vegetative propagation exclusively. This cion should never be expected to 
show chlorosis so long as strictly vegetative propagation is practiced, al- 
though it would always bear the potential factor for chlorosis. Sexually 
propagated stock from this cion could show the trouble in varying amount, 
according to environmental conditions, and it is most likely that self fertili- 
zation rather than cross fertilization has contributed to the source of the 
trouble. According to this view, new varieties and seedlings genetically re- 
lated to Howard 17 would always be liable to chlorotic outcropping. 

If this hypothesis be correct, it is possible that some particular plant 
grower in eastern Massachusetts originally distributed sexually propagated 
plants of the original Howard 17 cion whence it has spread; and, since the 
disease is systemic, it has maintained and gradually increased itself vege- 
tatively in these plantings. This hypothesis could account for the general 
prevalence of the disease in this section of Massachusetts in Howard straw- 
berry beds. It would not be necessary to transfer chlorotic stock from local- 
ity to locality to spread the trouble, since, wherever the Howard variety is 
grown, some voluntary sexual reproduction with outcropping of chlorosis 
could occur. According to this hypothesis new varieties and seedlings con- 
taining the factor for chlorosis w^ould always be liable to chlorotic outcrop- 
ping and it would explain the distribution of the trouble among different 
varieties in the northeastern states and Canada, according to the survey 
report of Plakidas. Some particular instances of sexual propagation must 
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liave occurred in eastern Massachusetts to account for the prevalence of the 
condition on the so-called Howard variety in this area. 

Department OF Botany, 

Massachusetts Agricultural 

Experiment Station, Field Station, 

Waltham, Massachusetts. 
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FURTHER STUDIES OF LIMA--BE AN SCAB 

Anna E. Jenkins! 

(Accepted for publication August 30, 1932) 

INTRODUCTION 

New data on the geographic range and symptoms of the disease known as 
scab of Lima bean (Phaseolus hmatus macrocarpus Benth.) and on the life 
history of its pathogen tentatively identified as Elsinoe canavalim 
are here reported. 

GEOGRAPHIC RANGE 

The geographic range of the scab of Lima bean has been found to in- 
clude Central America, the Dominican Republic, and possibly Jamaica, as 
well as the previously reported localities, namely, Cuba, ^ Puerto Rico,^ and 
Sinaloa, Mexico.^ 

That the disease is more or less widely distributed in Central America 
and occurs there on the Lima bean growing both wild and cultivated was 
ascertained by a recent examination of dried specimens of Phaseolus 
lunatus macromrpus^ from El Salvador, Nicaragua, Costa Rica, and 
Guatemala, deposited in herbaria in the United States. 

The specimen from Guatemala, 1890, now constitutes the earliest knowm 
record of the disease. Figure 1, A, shows an infected leaf of the Nica- 
raguan specimen, and figure 1, B, an infected pod of that from El Salvador, 

1 Acknowledgment is made to 0, A. Weatherby, Curator of the Gray Herbarium, 
Harvard University, Cambridge, Mass., and W. R. Maxon, Curator of the U. S. National 
Herbarium, for fragments of specimens of Thaseolus lun-atm 'macrocarpus ^ from Central 
America, showing lesions of Lima-bean scab. These have been deposited in the My- 
cological Collections of the Bureau of Plant Industry, U. S. Department of Agriculture. 

2 Jenkins, A. E. Lima-bean scab caused by Elsinoe. Jour. Agr. Res. 42: 13-23. 
1931. (On page 20, paragraph 2, line 4, of this paper the word ‘^here’’ should be 
changed to where, ^ ^ and in line 7, ^^this structure was^^ be inserted after ^ ^ structure ^ 0 » 

s The Lima-bean scab organism is described as a distinct species in a related paper 
by S. C. Bruner and A. E. Jenkins to be published in the Journal of Agricultural Re- 
search, vol. 46. 

4 Jenkins, A. E. Additional data on the range and prevalence of Lima-bean scab. 
Phytopath. 21: 559. 1931. 

5 El Salvador, San Salvador (cultivated), 1925, Salvador Calderon 2250. In Gray 
Herbarium, Harvard University, Cambridge, Mass. 

Nicaragua, Masaya, Jan. 27, 1903, C. F. Baker 117. Field notes: *^A tall vine 
spreading thickly over low trees.'' In Gray Herbarium and in U. S. National Herbarium, 
Washington, D. C. 

Costa Rica, San Jose, buissons au bord du rio Maria Aguilar, Nov. 27, 1894. A. 
Corduz 8964. In U. S. National Herbarium. 

Guatemala, Guatemala, Eeb., 1890. J. D. Smith 2297. In U. S. National Her- 
barium. 
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Information in regard to the occurrence of the disease in the Dominican 
Republic was secured through R. Ciferri. Sending representative speci- 
mens, he wrote® that as early as 1925 or 1926 he had observed this disease 
on leaves, stems, and green pods of the Lima bean but that on the basis of 
a superficial examination fungi were not apparent on the specimens col- 
lected and the disease was not diagnosed until the publication of the 
writer V first report on it. Ciferri also stated that doubtless the disease 
is wide-spread in the Dominican Republic, that a large percentage of beans 
offered for sale in the interior markets are affected, and, further, that the 
disease is particularly common in the wet districts; of the northern and 
southern parts of the Republic and rare in semixerophytic zones, as 
at Santo Domingo. 

The record of the possible occurrence of the disease in Jamaica is based 
on the fact that scabbed Lima beans, said to have come from that country, 
were recently intercepted in a passenger’s baggage by a port inspector of 
the United States Plant Quarantine and Control Administration. 

Inquiries have been made in regard to the occurrence of the disease in 
South America and in West Indian Islands other than those already men- 
tioned, but thus far no record of any Blsinoe disease on Lima bean in these 
regions has been obtained. As yet no record of the occurrence of Lima- 
bean scab in the Orient is available. 

The continued prevalence of the disease in Cuba is indicated by the fact 
that typically spotted pods have been frequently intercepted during the 
shipping season, November 1, 1931, to March 31, 1932, by inspectors of the 
Plant Quarantine and Control Administration of the United States De- 
partment of Agriculture, at the Port of New York. The disease has also 
been common on Puerto Rican Lima beans received at the same port during 
the period named. 

In the summer of 1931 intensive search for scab was made in commer- 
cial Lima-bean fields in Georgia, South Carolina, North Carolina, Virginia, 
New Jersey, and New York, by J. H. Miller and B. S, Crandall, both at 
that time of the Plant Disease Survey, and by W. D. Moore, of the Division 
of Horticultural Crops and Diseases, Bureau of Plant Industry. The 
writer examined specimens of leaves, stems, and fruits received from these 
investigators and other American-grown Lima beans secured in markets at 
Washington, D. C., and elsewhere in the East. No trace of the disease was 
found on these American-grown beans. W. A. McGubbin, of the Plant 
Quarantine and Control Administration, surveyed Lima-bean-growing re- 
gions in California in 1931 but did not find the disease there. 

6 Letter dated Nov. 21, 1931. 

7 Jenkins, A. E. Loc. cit. (Footnote 2). 
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Fig. 1. A and B. Scab lesions on dried specimens of Lima bean (A) from 
Nicaragua, 1903 (xabont 2) and (B), El Salvador, 1925 (x about 1). C-F. Cultures 
of the Elsinoe causing the disease from ascospores discharged from pod lesions to corn- 
meal-agar surface, x 380. D, a. Swollen sprout eonidia, E, a, Bef ringent granules. 
G and H. Beddish-brown ascospores from pod lesionsj those in H within aseus. x 380. 
For further explanation, see text. 

SYMPTOMS 

During the shipping season of November 1, 1930, to March 31, 1931, 
further studies showed that, while scab lesions may be noticeably swollen 
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or thickened, they are not the cause of the projections on pod margins, al- 
though they may sometimes be found on these regions as well as on other 
parts of the pod. The earlier material had seemed to indicate that such 
development resulted from attack by the fungus, although, even then, 
jaggedness of the pod margins was found independent of the lesions. The 
same phenomenon also has been noticed by S. C. Bruner in connection with 
his study of the disease. 

LIFE HISTORY 

In order to obtain some data on the longevity of the Elsinoe pathogen 
of Lima-bean scab, tissue cultures were made early in April, 1930, from 
fresh, diseased Lima beans from Cuba, received through the Plant Quaran- 
tine and Control Administration. Late in August, 1930, additional tissue 
cultures were made from the dry pods, some of which had been kept at room 
temperature and others at 17° C. The fungus was isolated only from the 
fresh pods. This result suggests that the pathogen was not viable on the 
dry pods, which were nearly 5 months old. 

While the pods just referred to were fresh, additional cultures were 
made from them, mainly to determine whether ascospores would become 
distinctly colored with age. Ascospores for observation were obtained by 
placing pod lesions so that the ascospores from them could be discharged 
upward (less than half an inch) to water on a glass cover slip and to corn- 
meal-agar medium on glass slides. 

After the spores had been discharged on these media, the cultures were 
placed in Petri dishes lined with filter paper and were held at a tempera- 
ture of about 8° C. When placed at this temperature the ascospores, then 
not noticeably swollen, had in some cases begun to sprout conidia from their 
surfaces. Twenty-four hours later in the water culture and 5 days later 
in the agar culture both ascospores and conidia had become considerably 
swollen. In the agar culture, conidia were sometimes seen lying in a row 
at the side of an aseospore, evidently in the position in which they were 
produced. Figure 1, D, shows the appearance of ascospores in the agar 
culture when 8 days old, and figure 1, E and F, their appearance wdien 30 
days old. In the older cultures the aseospore contents were glistening and 
coarser than in the younger cultures, and in some eases they appeared 
greenish. (Fig. 1, F) . In no instance, however, did they show any deeper 
color than pale yellow, in either the water or the agar cultures. Petri-dish 
cultures, corresponding to those just described but grown at room tempera- 
ture, served only to show that the inoculum was purely of the Elsinoe, for 
growth took place too rapidly for continued observation of the ascospores. 
The colonies when 7 days old were readily visible (Fig. 1, C) and were cov- 
ered with conidia. 
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In another experiment fresh pod lesions were held for a few days in a 
moist chamber, and ascospores from them were then examined for eolora- 
tio'n. These ascospores were reddish brown (Fig, 1, G and H) , the colora- 
tion possibly having been derived from the pigment in the lesions. Similar 
observations have been reported f or Myriangium® and Uleomyces.^ Further 
study of the Alternaria commonly associated with the Elsinoe on its natural 
substrate shows that its conidia are sometimes easily confused with the col- 
ored muriform ascospores of the Elsinoe. A colored murif orni spore, once 
thought^® to be an ascospore of the Elsinoe, is now believed to be an Alter 
naria conidium and not one of the colored muriform Elsinoe ascospores of 
about the same size present on the same slide. 

In order to obtain some data on the temperature relations of the Elsinoe, 
test-tube slant cultures of the fungus on potato-dextrose-agar medium were 
grown at constant temperatures of 0°, 5°, 10°, 15°, 20°, and 25° C. The 
inoculum for each culture consisted of a small amount of cultural growth 
about 0.5 mm. in diameter. After 3 weeks, the 2 sets of cultures, each 
made from a different isolation, showed no growth at 0°, slight growth at 
5°, and increasing amounts of growth up to 25° C. 

SUMMARY 

Costa Eica, Nicaragua, Guatemala, and El Salvador, in Central Amer- 
ica, the Dominican Republic, and possibly Jamaica are added to the known 
range of Lima-bean scab, previously reported from Cuba, Puerto Rico, and 
Sinaloa, Mexico. 

Although lesions on pods may be noticeably swollen or thickened, they 
are not the cause of projections, on pod margins, as previously reported. 

Pailure to isolate the pathogen of the disease from diseased dry pods 
held for nearly 5 months, some at room temperature and others at 17° C., 
suggests that the fungus was no longer viable on this material. Ascospores 
removed from pod lesions to culture media (water and corn-meal agar) and 
held at about 8° C. to check growth remained hyaline or pale even when a 
month old, whereas ascospores in fresh pod lesions kept moist for a few 
days were reddish brown, possibly deriving their color from pigment in the 
lesions. Cultures grown for 3 weeks at the constant temperatures of 0°, 5°, 
10°, 15°, 20°, and 25° produced no growth at 0°, slight growth at 5°, and 
increasing amounts of growth up to 25° C. 

Bureau OF Plant Industry, 

U. S. Department op Agriculture, 

Washington, D. C. 

sPeteh, T. Studies in entomogenous fungi. V. Myriangium. Brit. Mycol. Soc. 
Trans. 10: 45-80. 1924. (Pp. 62-63). 

9 Jenkins, A. E. Scab of Oanavalia caused by Elsinoe caiiavaliae. Jour. Agr. Kes. 

42: 1-12. 1931. (P. 7). 

10 Jenkins, A. E. Loc. cit., pi. 5, G. (Footnote 2), 



NEW LOCATIONS FOR PHYTOPHTHORA CITROPHTHORA AND 
P. HIBERNALIS ON CITRUS" 

Howard S. Fawcett 2 
(Accepted for publication August 31, 1932) 

Phytophthora citrophthora (Sm. and Sm.) Leonian has been found re- 
cently in Florida and Louisiana, and P. hihernalis Came, in California. 

During a trip to Florida in January, 1932, occasional examples of a 
decay of oranges and grapefruit resembling citrus brown rot were noticed, 
but only on fruit that was lying on wet soil under trees at the edge of 
swamps or drainage ditches. Isolation culture tests gave pure cultures of 
Phytophthora citrophthora in three widely separated districts in Florida 
and cultures of P. parasitica Dastur in one other district. 

Phytophthora citrophthora was obtained at Wildwood, Yero Beach, and 
Palmetto, Florida, and at Buras, Louisiana. Near Wildwood the oranges 
from which the fungus was obtained had been lying on moist soil in a large 
hammock grove where the orange trees were growing among the native oaks 
and palmettos and on the edge of swampy land. Near Yero Beach and Pal- 
metto, grapefruits from which the fungus was isolated had been lying on 
very moist soil at the margins of drainage ditches. 

In Louisiana, where heavy rains had been recent, the same fungus was 
isolated many times from oranges showing brown rot. Some of the fruits 
were obtained from the orchard and others from the packing houses in the 
vicinity of Buras in the delta region below New Orleans. 

The cultures of Phytophthora parasitica were obtained from orange 
fruits with a decay resembling brown rot, on wet soil near Courtney, Mer- 
ritt’s Island, Florida. 

The best method of obtaining a pure culture from these fruits was to 
take out a seed aseptically by means of sterilized scalpels, tweezers, etc., and 
to drop this seed on a slant tube of glucose-potato or corn-meal agar. If the 
fruit was seedless a piece of the albedo, core, or inner membrane was used. 

These isolations from Florida and Louisiana were compared by growing 
them in parallel cultures with known strains of Phytophthora citrophthora 
and P. parasitica on corn-meal and glucose-potato agar. They were then 
grown in dilute prune extract, a bit of the mycelium transferred to tap 
water in shallow dishes and in from 24 to 48 hours (at 18° to 20° C.) all of 
them formed abundant sporangia. All of them appeared to be typical P. 

1 Paper No. 273, University of California Graduate School of Tropical Agriculture 
a,nd Citrus Experiment Station, Eiverside, California. Published with the approval of 
the Director of the Station. 

2 professor of Plant Pathology. 
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citrophfhora except tlie isolation from Courtney, Merritt Island, Florida. 
Lemon and orange fruits were then placed in the water of the shallow dishes 
containing these sporangia and typical brown rot was produced in from 3 to 
6 days from all isolations. The brown rot produced by P. parasitica usually 
tended to be a little lighter in color than that due to P. citrophthora but was 
very similar otherwise. These isolations were sent to Dr. S. F. Ashby of the 
Imperial Mycological Institute, who confirmed the author ’s identification of 
these strains. This appears to be the first authentic record of P. citrophthora 
in Florida. 

Orange fruits having a decay resembling brown rot had been noted in 
Florida before, once by H. J. Eamsey and once by H. E. Fulton. The latter 
isolated a Phytophthora from two grapefruits collected at Orlando, Florida, 
and concluded that it was P. parasitica,^ 

The occurrence ot Phytophthora citrophthora has now been reported in 
many citrus-growing countries of the world. The fungus was first described 
and reported by Smith and Smith^ in California in 1906. It has since been 
reported in Arizona by Fawcett, Brazil by Averna-Sacca, Chile by Opazo, 
Union of South Africa by Doidge, Australia by Came and others, Spain by 
Fawcett, Italy by Petri and by Fawcett, Egypt by Sirag-el-Din, Palestine 
by Eeiehert, Hawaii by Pope, Japan by Sawada, and the present report adds 
Florida and Louisiana. 

In February, 1932, f ollowdng the snows and rains of J anuary, attention 
was called to the prevalence of brown rot on orange trees in the Cucamonga 
district of California- Not only were the fruit and leaves attacked in the 
usual manner, i.e.;, up to a height of 3 feet from the ground, but frequently 
places were noted where the attack was much higher, occasionally nearly to 
the top of the trees. It wms suspected that some other Phytophthora wms 
present, and not the usual brown rot fungus. Although the appearance of 
the decay resembled that produced by P. citrophthora and P. parasitica 
(the organisms most commonly associated with citrus brown rot in Cali- 
fornia), isolation culture tests showed that another Phytophthora was pres- 
ent. This was sent to S. F. Ashby, who identified it as P. hihernalis Carne.'^ 

This appears to be the first definite record of this fungus on citrus in 
America. This species was first described by Came in western Australia. 
It has been found also in other parts of Australia. It was determined by 

3 Yawcett, H. S., and H. Atherton Lee. Citrus diseases and their control. P. 37S. 
McGraw Hill, New York, 1926. 

^ Smith, R. E. and E. H. A new fungus of economic importance. Bot. Gaz. 42: 
215-221. 1906. 

5 The author is indebted to Dr. S. E. Ashby of the Imperial Institute of Mycology, 
Kew, Surrey, England, for identification of this fungus and for confirmation of the 
identity of the isolations of Phytophthora dtrophthora from Florida and Louisiana. 



1933] 


Fawcett: Citrus Phytophthoras 


669 


Came to be tlie same as that reported as Phytophthora sp. by Monz da Maia 
in Portugal. Later, Bensaude reported the same fungus on both leaves and 
fruit in Portugal. This species is remarkable in having a very low optimum 
temperature for growth of about 12*^ C. as recorded by Came. It is signifi- 
cant in this connection that the occurrence in California followed closely a 
period of cool weather with an unusual amount of snow and with frequent 
rains. Cultures of this fungus have been found to die in a short period at a 
temperature of 25° C. This heavy attack of the leaves near the ground on 
orange trees has been noted by the author in previous years and he believes 
now that P. hihernalis may have been in California for a number of years 
without having been recognized. It is also remembered that a similar fungus 
was isolated at Oroville, California, in a very cold spring, about 1922, and 
that the fungus soon died at room temperature of summer (about 25° C. at 
Eiverside) before it could be studied. It is now believed that this isolation 
was P. hihernalis. This fungus is so sensitive to the ordinary temperatures 
of late spring and summer in California that it could presumably not exist 
except at some depth in the soil or by means of the resistant oospores during 
those seasons of the year. 

Adding the above information to that previously reported, there are 
now known to be on citrus fruits in California at least three species of Phy- 
tophthora, all capable of producing citrus brown rot. These are Phyto- 
phthora dtrophthora, P. parasitica (P. terrestris) , and P. hihernalis.^ These 
three have also been reported in the Mediterranean region. Two of these, 
P. citrophthora and P. parasitica, appear to have a wide distribution, hav- 
ing been reported already in most of the other citrus-growing districts of 
the world, including Florida. Other species of Phytophthora that have been 
reported so far on citrus are P. citricola in Japan, P. palmivora (P. faberi) 
in the Philippines and West Indies, and P. arecae in India. 

University of California 

Citrus Experiment Station, 

Riverside, California. 

6 A Phytophthora isolated from roots of citrus in Tulare County, Calif., has been 
identified also by Dr. Ashby as probably P. megasperma Drechsler. 
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An Apparent Case of Transmission of Cranlerry False Blossom through 
a Natural Graft— All attempts to transmit false blossom of tbe cultivated 
eranberryj VacciniuM ma^rocarpon Ait., by methods other than insect trans- 
mission with the leaf hopper, Ophiola striatula (Sleesman) Pall., as the 
vector have failed. The usual methods for artificially transmitting virus 
diseases, such as pricking or scratching with a needle, rubbing or other 
method of leaf mutilation, and even injecting virus by means of a hypo- 
dermic needle have , produced no results. Some other virus diseases are 
similar to false blossom of the cranberry in this respect. Thus, Kunkeh 
mentions various methods used to transmit aster yellows artificially and 
says: All attempts to transmit aster yellows mechanically, except by 
budding, have failed, ' ’ Peach yellows also cannot be transmitted arti- 
ficially by any method of rubbing, puncturing, or injection, although it is 
readily transmitted by budding or grafting. The only known attempt to 
transmit false blossom by grafting is that reported by Dobroscky,^ who 
.states that: ^'Grafting experiments were attempted several times. Cran- 
berry stems are very woody, wiry and thin. Inarching grafts were made 
but the plants did not grow^ together. No infection resulted even though 
the stems were in external contact for long periods of time. If the grafts 
had been successful infection might have resulted.^’ 

The discovery of a natural graft involving apparent transmission of 
false blossom is, therefore, of considerable interest. The natural graft was 
found among some young vines of the Wales Henry variety that had been 
grown on the State bog at East Wareham, Massachusetts, from stem cuttings 
planted in May, 1931. In preparation for planting, the old vines were 
removed from several square yards of the bog and a layer of fresh sand, 
to a depth of about 2 in., w’-as placed over the peat substratum. The cuttings 
were made from selected apparently healthy vines, although it was found 
later in the summer that a number of the cuttings had been made from in- 
fected vines. The cuttings, 6 to 8 in. long, were inserted singly in holes to 
a depth of about 2 in. into the peat below the sand covering. In plantings 
as ordinarily made 2 or more cuttings are inserted in a hole. In one in- 
stance, here described, 2 cuttings happened to be inserted together so that 
the stems were crossed, forming an X. One of the cuttings (Pig. 1, A) 
was apparently from a vine infected with false blossom, as the plant from 

iKunkel, L. 0. Studies on aster yellows. Amer. Jour. Bot. 1'3: 646-705. 1926. 
See pp. 679, 681. 

2Dobroscky, Irene D. Studies on cranberry false blossom disease and its insect 
vector. Contr. Boyce Thompson Inst. Plant Res. 3: 59-83. 1931. See p. 64. 
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Fig. 1. A. Two young cranberry plants united by a natural graft. False blossom 
has apparently been transmitted to the plant at the right from the originally diseased 
plant at the left through the graft. About x B. Closer view of the naturally grafted 
stems. X 2. 

this cutting showed throughout marked symptoms of the disease and pro- 
duced 1 flower that was very characteristic of the disease. The other cut- 
ting (Pig. 1, B) seems to have been healthy when it was set out. This plant 
showed very definite infection on several uprights from a runner near the 
base of the plant. Branches above this runner, the distal portion of the 
runner itself, and 1 upright from it, most remote from the point of origin 
of the runner, showed no evidence of infection. Prom this it seems probable 
that the second plant was infected sometime during the season of 1931, as 
in false blossom of the cranberry evidence of infection generally does not 
appear until the year following that in which infection occurs. The rela- 
tive position of diseased and healthy portions of the second plant also 
indicates that the infection came from below, i.e., from the direction of the 
line of union in the graft. Healthy and diseased cuttings in the same hill 
have been noticed at various times by different observers^^ and often grow 
for long periods of time without the disease spreading from one to the 
other. The occurrence of a natural graft in any such case has, heretofore, 
been unknown. 

s Personal communications from Neil E. Stevens and from H. F. Bain. 
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There is, of course, a possibility that the cutting that developed 
symptoms of false blossom in 1932 may have been made from an infected 
vine, as was true of some other cuttings in the small area of new planting of 
the Wales Henry variety. This variety is very susceptible to false blossom, 
and the vines from which the stems -were selected for propagation were 
badly infected with the disease. For this reason it was very difficult to 
select vines for propagation that could be known certainly to be free from 
false blossom. However, the fact that none of the vines grown from cut- 
tings developed symptoms of false blossom, except those in which the 
disease appeared in 1931, makes this possibility negligible. — -H. F. Bergman 
and W, E. Truran, Granberry Disease Field Laboratory, U. S. Department 
of Agriculture, East Wareham, Massachusetts. 

Two HoUs of the Pokhah-hong Disease other than Sugar cane . — ^^Early 
in the summer of 1929 a disease, apparently very similar to pokkah bong, 
was observed on several young corn plants. A microscopic examination of 
some of the affected tissues revealed the presence of numerous Fusarium 
spores that were very similar in size and shape to the spores of the 
Fusarium causing pokkah bong on sugarcane. 

A short time after the affected corn plants were observed a similar 
affection was noted on young sorghum plants growing close by, and these 
also, when examined under the microscope, showed the presence of Fusarium 
spores. The symptoms on the corn and sorghum plants were very similar 
to those on sugarcane caused by pokkah bong and strongly suggested that 
these plants might be additional hosts of the pokkah-bong fungus. 

On neither the corn nor the sorghum were the chlorotic spots quite so 
pronounced as on sugarcane. The leaf bases on the corn were more of a 
yellow chlorosis, but the red and black markings were almost identical with 
those observed on cane. In some cases a top rot had developed, which had 
the same obnoxious odor as the top rot on sugarcane. Many cases were 
observed where the corn tops were distorted and curved and nearly always, 
on these plants, the lesions or cavities could be found on the surface of the 
stalks. (Fig. 1, A.) No infection has yet been found inside the corn stalks. 

Infection on the sorghum plants, while usually not so severe, is very 
similar to that observed on sugarcane. The leaf bases show the chlorotic 
spots and red markings very plainly, and, where the red markings dry and 
fall out, the leaves have the same ragged appearance as the similarly 
affected sugarcane leaves. (Pig. 1, B.) The red markings on the sorghum 
leaves are much more pronounced than on sugarcane, but this is to be ex- 
pected, as most all sorghum leaf diseases are accompanied by a distinct 
reddening of the immediate or surrounding tissues. No infection has been 
observed inside the sorghum stalks, but, on the more suseeptible varieties 
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and under favorable conditions, the fungus might penetrate to the inner 
tissues of the stalks. 

Numerous isolations have been made from infected plants of both the 
corn and sorghum, and in nearly every case a Pusarium fungus was 
obtained. This was isolated in pure culture and inoculated back onto 
several corn, sorghum, and sugarcane plants. The symptoms produced on 
the corn and sorghum from these inoculations were identical with those 
from natural infection, while those on the sugarcane were typical of 
pokkah-bong infection. Pure cultures were then obtained from sugarcane 
plants affected with pokkah bong and inoculated onto several corn, sorghum, 
and sugarcane plants. These inoculations produced almost exactly the 
same symptoms as were obtained from the inoculations with the Pusarium 
spores isolated from the corn and sorghum. 

These experiments were repeated several times with similar results in 
each ease. The fungus isolated from sugarcane plants affected with pokkah 
bong produced typical pokkah-bong symptoms when inoculated onto corn 
and sorghum, while the fungus isolated from the affected corn and sorghum 
plants produced similar symptoms when inoculated onto sugarcane. It is 
very evident from the results of these experiments that the pokkah-bong 
disease of sugarcane is capable of attacking both corn and sorghum and 
that these plants are additional hosts of the pokkah-bong organism.— C. N. 
Priode, Cuba Sugar Club Experimental Station, Central Baragua, Cuba. 

Gulan Sireah.—ln the fall of 1931 a peculiar type of striping was ob- 
served on the leaves of a single stalk in a stool of POJ 2725 sugarcane 
growing in the experimental plots of the Tropical Plant Eesearch Pounda- 
tion at Central Jatibonico. The stripes were unlike those manifested by 
any other cane disease I have had under observation in Cuba and appear 
to be those of a disease new to the island. For convenience in describing, 
it has been named Cuban streak.^' At the time the disease was first 
observed a careful inspection was made of all the surrounding plants in the 
field, but no other cases of infection were found. A few weeks later a 
similar striping was observed on a few plants of the CAC 323 variety grow- 
ing close by. The field has been inspected several times since, but no new 
infections have been discovered. 

The stripe-affected plants grew in a field that was surrounded by cane 
showing a high percentage of mosaic infection. The symptoms of Cuban 
streak, however, were very different from those of the mosaic, in that they 
occurred as distinct, chlorotic stripes with no indication of mottling, such as 
is characteristic of sugar-cane mosaic. It wms first thought that the malady 
might be the same as the corn stripe disease, but a comparison of diseased 
leaves from corn and cane plants showed the symptoms to be very dissimilar. 
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Tlie dissimilarity of symptoms, however, might be due to a difference in 
the host manifesitation when the disease passes from corn to cane, and later 
experiments may prove the two maladies to be identical. This is not ex- 
pected, however, for, as yet, all attempts to transmit corn stripe from corn 
to cane have given negative results. Cane leaves affected with Cuban 
streak have also been compared with fixed specimens of the African Streak 
disease preserved in jars in the laboratory of this station. The stripes of 
these two affections appear to be quite unlike, and it is believed that they 
result from the attacks of different causal agents. The insect known to 
transmit the African Streak disease is not known to occur in Cuba at the 
present time. 

The attacks of the Cuban streak so far observed have been very mild, 
and the infection has not appeared to spread readily to the surrounding 
cane. Comparatively little is known about the disease, however, and it 
must be kept under close observation until its economic importance has 
been determined. 

Cuban streak occurs in the form of interrupted stripes on the leaves. 
These appear to follow the leaf veins and in most cases extend the full 
length of the leaf. (Pig. 1.) The color of the stripes is a chlorotic white, 



Fig 1. Cuban Streak on POJ 2725 cane. The dark stripes in the picture showed 
red on the cane leaf. 


which shows very plainly against the normal green of the healthy tissues. 
In some cases some of the stripes change to a brick red, as shown by the dark 
stripes in figure 1. Nearly all of the leaves on the infected plants usually 
show from a few to several stripes. The chlorotic white of the stripes 
shows more distinctly on the dark green of the older leaves than on the 
lighter green of the younger leaf blades. 

The stalks of the infected plants observed appeared to be considerably 
smaller than the healthy stalks of the same stools, but in most cases they 
were of about equal height. 

The cause of this peculiar striping is not yet known. The appearance of 
the symptoms, however, strongly suggests the causal agent to be of a virus 
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nature. This idea is supportecl by the fact that when the original infected 
Stalk was planted every bud that germinated produced young plants that 
showed the typical striping on their leaves. These young plants were 
thickly covered with the stripes until they had grown to a height of 
about 4 feet. The younger leaves at that time began to show fewer stripes 
as they came through until the symptoms finally disappeared altogether on 
the upper leaves of most of the plants. Several insects have been used in 
preliminary inoculation experiments, but no infection has yet been obtained 
from them. Since the disease was discovered only a short time ago, it has 
not been possible to carry out any extensive experiments to determine its 
cause. Further investigations are necessary before any definite information 
can be given concerning the nature of the disease or concerning its eco- 
nomic importance. — C. N. Priode, Cuba Sugar Club Experimental Station, 
Central Baragua, Cuba. 

Fusion of Large-cell Hyphae of the Cotton-root-rot Fungus . — In study- 
ing the morphology of the cotton root-rot fungus, Fhymatotrichum 
omnivorum (Shear) Duggar, during the past season, the writers have ob- 
served in artificial cultures numerous cases of specialized fusion of cells of 
the large-cell hyphae. This development was first observed in cultures of 
the fungus isolated from infected cotton plants obtained from fields at the 
U. S. Cotton Breeding Field Station, Greenville, Texas, during the season 
of 1931. All other isolations of the fungus made from infected cotton 
plants collected from widely separated localities in Texas have also shown 
different stages of fusion of the large-cell hyphae. This form of growth 
occurs to a greater extent in fresh isolations of the fungus, but seems to be 
entirely absent in attenuated cultures that do not form strands. 

It was noted that individual cells of filaments in parallel positions often 
send out short projections that meet and fuse. In some cases the points 
of fusion were between the septa, while in others, they were opposite or 
near the septa; the connecting projections resembling in many respects the 
conjugations of certain filamentous algae. A simultaneous triple fusion of 
an individual cell with 2 parallel cells has been noted, after 24 hours in- 
cubation in a hanging-drop culture. (Fig. 1.) Other cases have been 
observed where the cells or filaments grew for several millimeters before 
encountering and making contact fusions with similar cells of other fila- 
ments. Usually at the time of fusion of these hyphae, the protoplasmic con- 
tents are multinucleate and appear as hyaline, granular, oval bodies, which 
refract light readily and give the cells a vacuolate appearance. 

Although no actual nuclear fusion of the cells has yet been noted, it is 
possible that eytological studies may ultimately reveal such phenomena, 
but there is yet no indication of a reproductive function. The fusion 
processes appear to represent early stages in the development of the 
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Fig. 1. Pliotomicrograpli of large-cell hyphae of Phymaiotriohwm omnivorum show- 
ing simnltaneous triple fusion of an individual cell with two parallel cells. x570. 


strand liyphae of the fungus, preceding tlie development of selerotia.— 
D. C. Neal, E. E. Wester, and K. C. Gunn, Bureau of Plant Industry, 
U. S. Department of Agriculture, Greenville, Texas. 
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INTRODUCTION 

Curly top of the sugar beet, Beta vulgaris L., induces profound anatomi- 
cal cbanges in the affected plants, as do many other virus diseases. 

The geographical distribution of curly top, its host range, and its gen- 
eral effects on the host plants are well known. Numerous studies have 
been made on the life history of the insect vector of this disease, the beet 
leaf hopper, Eutettix tenellus (Baker) , and on the biological relation be- 
tween that carrier and the curly-top virus. The properties of the latter 
have been in part determined. 

The anatomy and physiology of plants affected by curly top have re- 
ceived, however, small attention; and there is scanty information on the 
processes involved in producing the histologic abnormalities. 

This is a study of some important anatomical changes induced in leaves 
of the sugar beet by the disease known as curly top. Chief attention was 
given to changes in tissues in and near the degenerating phloem, after 
necrosis. Such a study promised to yi^|^ a general understanding of the 
processes by which the visible symptoms are produced. The statements of 
other workers concerning phloem n^rosis have been checked, and several 
points on the normal anatomy have been cleared. A suggestion has been 
made that degeneration of the phloem is probably the primary effect of the 
virus on the plant and that certain other pathologic alterations have a causal 
relationship to the disturbance in the phloem. An effort has been made to 

1 Revision of the thesis submitted in December, 1931, to the Graduate Division of 
the University of California in partial fulfillment of the requirements for the degree 
of Doctor of Philosophy in Botany. 

2 Grateful acknowledgments are made to Dr. W. W. Robbins, under whom this study 
was made, for his helpful guidance and criticism; to Dr. A. S. Crafts for his valuable 
suggestions and interest in the work; to Dr. Eubanks Garsner and to Dr. M. W. Gardner 
for their helpful criticism of the manuscript; to Mr. W. C. Matthews for making the 
photomicrographs. 
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correlate the knowledge gained from this study with the conception of some 
workers on the localization of certain Yiriises in plant tissues. 

ANATOMY OF PLANTS AFFECTED BY VIRUS DISEASES 

The morbid anatomy and physiology of virus-diseased plants in general 
have been somewhat neglected, as compared with other phases of virus 
studies. Pew investigations have aimed at a morphological and physio- 
logical interpretation of the changes involved, but the pathological anatomy 
has often been studied incidentally in the search for a causal factor of virus 
diseases. In view of Quanjer’s (45) recent review of these investigations, 
a very brief discussion of literature on the anatomy of virus-diseased plants 
will be given here. It shows the general similarity between the pathologic 
effects of curly top and of other virus diseases. 

The three fundamental types of anatomic changes occurring in virus- 
diseased plants are (1) degeneration of certain cells or groups of cells, 
leading to a necrosis, (2) hyperplasia preceded by hypertrophy, and (3) 
hypoplasia. Necrosis is frequently confined to the phloem, as in certain 
potato virus diseases (30, 45, 50) ; but it may also occur in other tissues 
(35, 36, 44, 45). It may be not only internal but external, as in certain 
tomato (67, 68), and tobacco (34) diseases. Hypertrophy and hyperplasia, 
which have been described less frequently, may lead to the formation of 
overgrowths (29, 41) and may be closely associated with necroses (29). 
The green areas in leaves affected by mosaics are considered hyperplastic 
by certain workers (20, 21, 46), whereas the chlorotic areas have been 
found to be hypoplastic (9, 16, 17, 20, 21, 31, 46). The stunting and 
dwarfing of organs or of whole plants, effects very common to virus diseases, 
also are hypoplasias, in Kuster's (38) terminology. The three principal 
types of abnormalities are usually combined, a fact which shows that the 
pathologic effect is not confined to one type of tissue but involves the whole 
plant. 

EFFECT OF CURLY TOP ON THE SUGAR BEET 

The following decsription of curly-top symptoms in the beet is given 
according to Severin (55). The first constant symptom on leaves is the 
clearing of tissues along the small veins, which Severin designated as 
‘‘transparent venation.^’ It generally occurs on the youngest leaves and 
may sometimes be confined to a portion of a leaf. It may appear on the 
youngest leaf of a very young plant within 2 days after inoculation and 
may sometimes be the only symptom visible on a leaf. Occasionally, but 
not always, blister-like elevations may give early indication of infection. 
As the disease develops, the lower surface of the leaf becomes roughened, 
and the veins are distorted. At first, small elevations may be observed 
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along the veins ; these later assume the shape of nipple-like papillae and 
knot-like swellings resembling galls, termed by Severin ^^ wart-like pro- 
tuberances/ V At this stage the leaves are dark green, thick, crisp, and 
brittle. Frequently a clear, viscid liquid exudes from the petioles or the 
veins on the dorsal surface of the leaf. Inward rolling of diseased leaves 
usually accompanies other symptoms but occurs also in some other diseases, 
and is, therefore, not a sure indication of curly top. The roots of severely 
diseased plants are stunted and are stimulated to increased production of 
laterals. 

Carsner and Stahl (15) state that ^‘the disease is characterized by a 
necrosis of the phloem throughout the vascular system, and in the advanced 
stages of the disease this necrosis shows in the roots as dark concentric 
rings.’’ They found that the clear, viscous exudate from the diseased 
petioles contains ^‘a complex sugar, probably saccharose.” In two in- 
stances traces of reducing sugars were detected. The dry weight of the 
diseased tops was found to exceed that of the tops of healthy plants, a fact 
attributed to carbohydrates, probably sugars, accumulating in the diseased 
leaves. The escape of the exudate was explained by ^‘high pressure devel- 
oped by the abnormal accumulation of the sugars.” Leaves, mature at the 
time of infection, remained free from symptoms but contained the curly- 
top virus, which was also present in the roots. 

Mumford (43) reported in diseased leaves an increase in sugars, in the 
concentration of total solids, and in nonelectrolytes. 

Smith and Boncquet (59) described lesions in the phloem of affected 
plants ; these were found in all parts that showed macroscopic irregularities, 
and to some extent in those parts where symptoms could not yet be distin- 
guished. The abnormal condition in the phloem could first be recognized 
by the denser appearance of contents of sieve tubes and companion cells in 
certain areas; then followed a ‘‘necrosis, collapse, discoloration, and often, 
in the end, development of new, irregularly formed, wound-healing cells 
in these areas.” 

Rawlins® observed a degeneration of the pericycle cells and “several 
rows of adjacent cells” in root tips from curly-top-diseased sugar beets. 

MATERIAL AND METHODS 

Material for study consisted of sugar beets of the morphologically uni- 
form strain 2705g24 — ^very susceptible to curly top — developed by W. W: 
Tracy of the United States Department of Agriculture; and of the com- 
mercial strain, Rabbethge and Giesecke’s “Old Type.” Part of the plants 
were grown in pots in the greenhouse; the others, in a field plot. 

3 Bawlins, T. E. Cytology and other studies of curly-top disease of the sugar beet. 
Unpublished thesis. Library, University of California, Berkeley, Calif. 1926. 
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To obtain diseased material, yirns-carrying males of the beet leaf hop- 
per, EutetUx ienelluSf were caged upon indiYidnal leaves, usually 5 leaf 
hoppers to a plant, and were removed, as a rule, 72 hours later. The beets 
in the field plot also were inoculated artificially by means of leaf hoppers 
reared in cages. In the field the insects were not caged upon individual 
plants but were set free. Those used for inoculation were fed beforehand 
on sugar-beet plants affected by curly top of a form that Carsner (14) 
designates as severe. The experimental plants received no other special 
treatment. Both greenhouse and field-plot beets were entirely free from 
sugar-beet mosaic. 

The material was killed and fixed for 48 hours in Karpechenko's weak 
chromo-acetic-formalin solution made up as follows: solution A: 65 cc 
water, 10 cc glacial acetic acid, 1 gram chromic acid; solution B: 65 cc 
water, 10 cc commercial formalin (40 per cent stock solution). Equal 
quantities of solutions A and B were mixed immediately before placing the 
material in the killing fluid. For the first 12 hours the material was kept 
in cold storage at 45 F. Butyl alcohol was used for dehydration and 
clearing. The material was left 24 hours in each change of the ethyl-butyl- 
alcohol mixtures-— longer than suggested by Zirkle (71) . The sections were 
cut 10 microns in thickness and stained with Heidenhain’s iron-alum 
haematoxylin and with a counter stain of light green in clove oil. Fresh 
material was sectioned by hand and observed in either tap water or 
glycerine. 

PATHOLOGIC CHANGES IN THE PHLOEM AND PERICYCLE REGION 

Structure of the 'phloem and pericycle regio'n in health'y leaves, — ^Necro- 
sis, a constant symptom of beets affected by curly top, involves the phloem 
and the region external to it — ^the bundle cap. This fact raises the question 
as to the composition of the bundle cap and its relation, if any, to the 
phloem. 

According to de Vries (70), a vascular bundle in a beet leaf consists 
of the following tissues (Figs. 2, A and 10, A) : on the ventral side of the 
leaf, a small bundle sheath consisting of long, thick-wall cells ; then primary 
xylem, a layer of secondary xylem, cambium, phloem, and finally a ‘‘bast 
sickle’’ composed of cells whose walls are eollenchymatously thickened. 
These “bast” cells have oblique radial walls and, frequently, thin trans- 
verse ones. The last layer of cortical cells, that adjoining the vascular 
bundles, is a starch sheath, which, in young leaves, contains abundant 
starch. For all the bundles, there is usually one common starch sheath, the 
cells of which are smaller than those of the adjoining parenchyma of the 
cortex. No intercellular spaces occur between the starch sheath and the 
cells of the bundle cap. The midrib and larger lateral veins form ridges 
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protruding from the surface of the leaf blade, particularly on the dorsal 
side. These projections have a layer of collenehyma on both the ventral 
and the dorsal surfaces of the leaf (Fig. 10, A). In the petiole the collen- 
chyma is confined to the ribs. 

Artschwager (1) designates the bundle cap at the phloem end, as well 
as that at the xylem end of a bundle, as a selerenchyma cap, but does not 
describe it in detail. 

Structures known in botanical literature as ^‘bundle caps” consist of 
fibrous cells and are commonly associated with vascular bundles in leaves. 
According to Pitting (28, p. 88), bundle sheaths, a special type of which 
is represented by bundle caps, do not belong to the vascular tissue. They 
may be of pericyclic or cortical origin (26, p. 256). Sometimes, however, 
sheaths may be assigned to the bundle itself (3, p. 318). The occurrence 
of sclerenchymatous pericycle is characteristic of Chenopodiaceae, although 
the selerenchyma is frequently only weakly developed (60, p. 662) . 

This investigation showed that the bundle cap in beet leaves rarely 
exhibits lignification. Lignified cells in the cap have been found most fre- 
quently in the large bundles at the base of the petiole, but occasionally also 
in the midrib and the large lateral veins. Lignification, if it occurs at all, 
usually is confined to the outer layer of the cap, although lignified cells are 
sometimes present in the second and third layers. Cap cells, showing 
lignin reaction with phloroglucin and HCl, have distinct tertiary thick- 
enings and oblique transverse walls. They appear as sclerenchymatous 
fibers; and their position, adjacent to the starch sheath, indicates a peri- 
cyclic origin. 

The major portion of the bundle cap consists of several layers of cells 
with comparatively thick cellulose walls. The thickenings, being pro- 
nounced in the corners, give the tissue the appearance of collenehyma, as 
de Tries (70) has indicated. This tissue merges imperceptibly with that 
of the functioning phloem (Figs. 2, A and 4, A) ; nor is there any line of 
demarcation between these cells and those of the pericycle, which may later 
become lignified. A sharp line of demarcation appears, however, between 
the pericycle cells and the starch sheath (Pigs. 2, A; 2, B; 10, A), cells of 
the latter having much thinner walls and containing starch. In longitu- 
dinal sections, the starch-sheath cells are much shorter than those of the 
bundle cap. 

The pericycle does not form a massive tissue in the leaves. Very young 
bundles contain, adjacent to the starch-sheath mother cells, a row of cells 
that may be interpreted as pericycle. Then follows the primary phloem, 
whose first mature sieve tube may be readily discerned in transverse sections 
because it is pentagonal or hexagonal in outline and appears optically 
empty in imbedded material. In the following stages of bundle develop- 
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ment, radial divisions occur in the pericycle, permitting lateral expansion. 
Then the cells enlarge, and their walls become thicker. The changes occur- 
ring in the primary phloem involve obliteration of sieve tubes and probably 
of their companion cells. The parenchyma cells of the primary phloem 
enlarge like those of the pericycle, their walls becoming thicker, particu- 
larly in the corners, where remnants of obliterated elements are discerned. 
In larger bundles a few tangential divisions occur in the pericycle, espe- 
cially in the median bundle ; but on the average not more than one row of 
cells may be considered as pericycle, because traces of obliterated elements 
of primary phloem are frequently discernible, even in older bundles, one 
row of cells removed from the starch sheath. 

As obliteration in primary phloem progresses, the cambium forms a 
secondary phloem. A considerable amount of secondary growth occurs in 
the petioles, midribs, and larger lateral veins of beet leaves. Obliteration 
takes place also in the secondary phloem (Figs. 2, A; 4, A; 7). 

Oiliteration in phloem of healthy^ leaves . — Obliteration of phloem ele- 
ments is a normal process in many plants having secondary growth. In 
angiosperms, the sieve tubes, companion cells, and cambiform cells are 
reported to be subject to obliteration (8, 64). In gymnosperms the sieve 
tubes and closely associated ray and parenchyma cells become functionless 
and collapse (64). Seeliger (53) finds both sieve tubes and companion 
cells obliterated in the sugar-beet root. The obvious changes and loss of 
contents have been assumed to be primary causes in the process of oblitera- 
tion; pressure exerted by the surrounding living elements being only a sec- 
ondary factor (8, 3). 

In .sugar-beet leaves, obliteration apparently involves both sieve tubes 
and companion cells. In sieve tubes, various stages of the process have 
been clearly observed, making possible an interpretation of the origin of 
the bundle cap. 

Figure 1 shows obliteration of phloem elements in a petiole of a healthy, 
young sugar-beet leaf. Figure 1, A, represents a section through a region 
of the functioning secondary phloem. Within the phloem, the sieve tubes 
may be recognized by scarcity of contents and by the presence of structures 
known as sieve-tube plastids. The latter, although typical of sieve tubes 
of most plants, have not been found in any other type of cells. They have 
been described as starch grains by Briosi (10) and Lecomte (40) and as 
leueoplasts by. Strasburger (64), who states that they produce a certain 
kind of starch that stains wine-red with iodine. In beets these bodies 
appear spherical, stain as protoplasmic structures with Heidenhain’s iron- 
alum haematoxylin, and brown with iodine. They usually are aggregated 
near the sieve plates. The companion cells may be recognized by their 
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Pig. 1. Transverse (A-E) and longitudinal (E-G) sections of healthy phloem and 
bundle cap of petioles, showing obliteration of phloem elements. x585. A and E. Eune- 
tioning secondary phloem. B. Sieve tube and companion cell surrounded by enlarging 
phloem parenchyma cells. 0. Early stage of obliteration. I) and E. Advanced stages 
of obliteration. G. Early stage of obliteration j lumen of sieve tube decreasing, callus 
upon sieve plate increasing. Throughout figure: st, sieve tubej cc, companion cellj 
pZ, sieve-tube plastid; pp, phloem parenchyma cell; c, cambium; aj, xylem; obZ, obliter- 
ated phloem elements. 
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position with, respect to the sieve tnhes and by their dense cytoplasm. In 
cross-section, the parenchyma cells of the functioning phloem are usually 
as large as the sieve tubes or larger ; they contain a parietal layer of cyto- 
plasm and some chloroplasts. Figure 1, B, shows a sieve tube and a com- 
panion cell surrounded by enlarging parenchyma cells. Figure 1, C, 
illustrates an early stage in the obliteration of sieve tubes and apparently 
of their companion cells. Some change has taken place, the contents of 
these elements being less abundant and the lumina of the cells having 
decreased in size. Figure 1, D, is drawn from the region of the primary 
phloem. Of the obliterated elements there remain only thickenings in 
walls between phloem parenchyma cells, with small, narrow slits indicating 
the position of the former lumina of the obliterated cells. In figure 1, E, 
no slits can be recognized in the region of obliteration. Figure 1, F, shows, 
in a longitudinal section, phloem parenchyma cells, a sieve tube -with 
plastids, and companion cells from the region of the functioning phloem. 
Figure 1, G, represents an early stage in the obliteration of a sieve tube. 
The latter has become narrower, and the callus upon the sieve plate is more 
conspicuous than in figure 1, F. 

The data on the structure of the phloem and bundle cap — the region 
that undergoes necrosis in curly-top-diseased sugar-beet leaves — ^may be 
summarized as follows. It is composed of the perieycle, the primary 
phloem, and the secondary phloem. In older leaves the primary phloem 
is represented only by phloem parenchyma, the sieve tubes and probably 
the companion cells having become obliterated. The primary phloem 
parenchyma and the perieycle cannot be distinguished readily, for they 
consist of similar cells and together, form a structure that appears as a 
bundle cap of collenehymatous elements located outside the secondary 
phloem. After the obliteration of sieve tubes in the secondary phloem the 
parenchyma of this phloem also becomes a part of the bundle cap. When 
Artschwager (1) states that above the phloem is a large sclerenchyma 
/^cap^’ and that ''the phloem forms a narrow zone,^^ he apparently includes 
in the "sclerenchyma cap^ ^ the parenchyma of the primary and of part 
of the secondary phloem. 

Localization of necrosis in the phloem and perieycle .- — ^Necrosis induced 
by curly top may sometimes be observed mainly in the secondary phloem 
(Fig. 2, B), may involve a portion of the cap (Fig. 3, A)^ or may trans- 
form the whole bundle cap into a large necrotic pocket (Fig. 2, C). In 
other words, in some bundles degeneration occurs chiefly in the secondary 
phloem (Fig. 2, B), while in others the primary phloem and per icy ele 
regions are necrotic (Figs. 2, C, and 3, A). In young leaves, developed 
some time after infection of the plant, the bundle cap is entirely deformed 
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Eig. 2. Transverse sections of vascular bundles from petioles, x 125. A. Healthy, 


B. Diseased, showing necrosis in the secondary phloem. C. Diseased, showing complete 
destruetion of bundle cap, Throughout figure. 2 ?, pericycle j s, starch sheath, ol}l, 


obliterated phloem elements. 
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Fig. 3. Transverse sections of vascular bundles from petioles of a diseased plant. 
A. Bundle from mature leaf. Tbe cap is partly destroyed. Cell proliferations, resem- 
bling wound-healing tissue (wTi), have filled the cavity that resulted from collapse of 
certain cells, x 98. B. Bundle from young leaf. Gap deformed because of early 
hyperplasia in phloem and pericycle region. Line of demarcation between perieycle 
and starch sheath (s) very distinct. Necrotic area surrounded by hyperplastic tissue 
whose cell contents are scarce, x 200. C. Exudation of material from necrotic phloem 
to the exterior. Cortical cells along the path of the exudate show hypertrophy, x 98. 
P. Exudation of material from necrotic phloem into the xylem. Two vessels are partly 
crushed, x 98. 
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(Fig. 3, B), because the primary phloem and the pericycle have degen- 
erated. 

Necrosis has not been observed in any other tissue. In some cases mate- 
rial originating in the necrotic phloem may escape into the xylem, passing 
through the intercellular spaces and even filling some vessels (Fig. 3, D). 
It also may escape into the intercellular spaces in the cortex and exude to 
the exterior of the leaf (Fig. 3, C) ; but necrosis is apparent in neither the 
xylem nor the cortex. On the contrary, the parenchyma cells along the 
path of the exudate are stimulated to growth (Figs. 3, C, and B). 

Necrosis of the phloem, as induced by curly top cannot be confused 
with normal obliteration. Necrotic areas in diseased plants are quite large 
(Fig. 4, B) as compared with the few cells involved in obliteration (Figs. 
2, A, and 4, A). In the areas of obliteration, relatively inconspicuous 
thickenings of walls indicate the former position of the obliterated elements, 
whereas in the necrotic regions, collapsed walls form conspicuous layers, 
wavy and irregular in outline, and frequently showing traces of lumina 
of the dead cells. In necrotic areas accumulates a large amount of 
amorphous material, which stains deeply with coal-tar and haema,toxylin 
dyes. No such accumulations occur in the region of obliteration. In fresh 
sections, the material in necrotic areas appears brown. 

Hypertrophy and hyperplasia in the phloem . — ^Further studies must 
precede the interpretation of the stages in the degeneration of the phloem 
of beets affected by curly top. Preliminary studies indicate that, before 
the formation of lesions, hypertrophy and hyperplasia occur in the pericycle 
and phloem. Some cells divide in any plane; others hypertrophy without 
dividing, while their contents disintegrate. 

In later stages certain cells collapse, thereby causing the appearance of 
lesions. In very young leaves collapse of cells does not result in a forma- 
tion of cavities. The actively dividing cells probably exert a pressure upon 
the dying cells, hastening their collapse, and, afterward, form a small-cell, 
irregular tissue that surrounds the necrotic areas. These cells have dense 
cytoplasm at first ; later, their contents become so scant that they stand out 
conspicuously among other tissue (Fig. 3, B). 

In older leaves, necrosis leads to a formation of conspicuous cavities. 
The dark-staining material, which is present in lesions of recent origin, 
disappears later; and the cavities are closed by an irregular tissue resem- 
bling callus (Fig. 3, A). This tissue, having thin walls, may be readily 
differentiated from the hyperplastic tissue, just described for young leaves 
(Fig. 3, B). Evidently, both these types of tissue are a result of hyper- 
plasia, but one begins to form before, the other after, the collapse of cells. 

It would seem that the early hyperplasia is a response to some disturb- 
ance caused by the presence of the virus in the phloem, but the prolifera- 
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tions connected with the lesions resemble wonnd-repair reactions. Accord' 
ing to Kiister (38, p. 76), cavities in a plant body, which result from death 
of cells, are similar to wounds, inasmuch as their presence induces the 
adjacent living cells to growth and divisions. The cavities in the phloem 
of curly-top diseased leaves resemble wounds, and the hyperplastic tissue, 
which closes these cavities, may conceivably have an origin similar to that 
of a wound-healing or callus tissue. Even if no conspicuous cavities are 
formed, hypertrophy and hyperplasia in tissues, adjacent to necrotic areas 
may be comparable to repair or wound-healing reactions. 

The phloem-parenchyma starch sheath and the cortical parenchyma 
have been observed to participate in the hypertrophic and hyperplastic 
processes in regions adjacent to the lesions in curly top. When necrosis 
does not involve the whole bundle cap, phloem parenchyma cells give rise 
to proliferations. This is the more frequent condition. When the whole 
cap is disrupted, the starch sheath cells may become meristematic and pro- 
duce hyperplastic tissue. Other parenchyma cells may hypertrophy and 
divide near the lesions. 

Figures 5 and 6 illustrate hypertrophy and hyperplasia in connection 
,with the lesions in the phloem of a diseased leaf. Figures 5, A, and B, 
show callus-like tissue formed by phloem parenchyma. The intact starch 
sheath may be seen on the right, next to the lesion. In figure 5, A, the 
proliferated tissue is very irregular, while in figure 5, B, the cells appear 
to form a cambium. Figure 6 illustrates phloem parenchyma cells that 
have divided and filled a cavity. Figures 5, C, and D, show hypertrophy 
and hyperplasia of starch sheath cells. In figure 5, C, starch sheath cells 
still contain abundant plastids, but the cells have already elongated in a 
direction perpendicular to the surface of the cavity,* the first cross walls 
have been laid down parallel to the surface of the cavity. In figure 5, D, 
the plastids have disappeared and the starch sheath cells have given rise 
to a small-cell, thin-wall tissue. 

The filling of spaces by tissue produced through the division of neigh- 
boring cells is common in plants, even in their normal ontogeny. Wound- 
ing, w^hether external or internal, stimulates the adjacent living cells to 
growth and division (11, 38). The phenomena involved in this stimulation 
are not yet well understood. Some investigators would connect them with 
the physico-chemical changes caused by wounding or attribute them to the 
action of certain materials produced by necroses (38). 

All living elements, if adjacent to wounds, may be stimulated to growth 
and division (38), Even cells having thick cellulose (collenchyma) or 
lignified (xylem-parenehyma) walls may participate in callus formation 
(19, 52), in which the cambium and the ground parenchyma are particu- 
larly efficient (38). 
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Fig. 5. Hyperplastic tissue near lesion in longitudinal sections of bundle cap from 
diseased leaf. A-E. xl47; P, x239. A. Hyperplastic tissue formed by bundle-cap 
cells adjacent to necrotic area (n); starcb sheath (s) intact; proliferated tissue irregu- 
lar. .B. As in A, but shows formation of cambium in proliferated tissue. C. Hyper- 
trophy and early hyperplasia of starch-sheath cells (s) near necrotic region (w). D. Ad- 
vanced hyperplasia of starch-sheath cells {§). E. Continuous row of xylem elements 
differentiated in hyperplastic tissue. P. Isolated ring-like group of xylem elements 
differentiated in the hyperplastic tissue. 
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Fig. 6. Transverse section of diseased bundle cap, stowing early stage of differen- 
tiation of hyperplastic tissue near lesion into vascular tissue, x 725. pt, phloem; 
necrotic area; 5, starch sheath. 
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Phloem parenchyma in the sugar beet, being normally very active in 
producing meristematic tissue (53), may be readily stimulated to growth 
and division in the neighborhood of lesions in curly-top plants. The same 
is true of the pericycle, which undoubtedly participates in the filling of 
the cavities in diseased beet leaves. The starch sheath and cortex consist 
of parenchymatous cells, generally active in producing callus near wounds. 

Frequently cork, instead of callus, is formed around wounds or lesions 
(11, 38, 42), but this has not been observed in curly-top diseased sugar 
beet leaves. 

Secondary vascular tissue in the bundle cap of healthy leaves,— In 
sugar-beet leaves, severely affected by curly top, xylem elements frequently 
differentiate in the hyperplastic tissue in the degenerated bundle cap. This 
fact raises the question as to the possible relation of this xylem to the secon- 
dary cambium and vascular tissue normally produced in the pericycle and 
primary phloem region in roots and flowering stalks of healthy beets. 

The sugar beet, like other members of the Chenopodiaceae, shows 
anomalous secondary growth caused by the function of supernumerary 
rings of secondary cambium. In the root, according to Seeliger (53), the 
first ring of cambium is formed in a normal way between the primary 
xylem and phloem. When this cambium begins to function, certain pri- 
mary phloem parenchyma cells enlarge and divide, while the sieve tubes 
and their companion cells become obliterated. From primary-phloem cells 
is differentiated the first supernumerary ring of secondary cambium, which 
forms xylem elements and parenchyma centripetally and phloem elements 
and parenchyma centrifugally. Before the first phloem elements of this 
ring are differentiated, a cell is cut off centrifugally from the cambium 
initial, which becomes the initial for the second supernumerary ring of 
vascular tissue. This initial, in its turn, gives rise to the initial of the 
third supernumerary ring, and so forth. The rings of vascular tissue aris- 
ing from the supernumerary cambiums appear in a cross-section of a beet 
root as concentric annular rings. In certain regions of the plant, the peri- 
eycle also participates in forming the initials of the secondary cambiums. 
In the root these initials arise mainly in the phloem parenchyma, as just 
described; in the upper part of the hypocotyl in the pericycle; and in the 
lower hypocotyl in both the phloem parenchyma and the pericycle. Al- 
though such is the usual situation, exceptions are very common: the peri- 
cycle and the primary phloem-parenchyma cells may substitute for one 
another very readily in all layers of the root and hypocotyl during the 
formation of meristematic tissue. Cambium may arise occasionally in the 
parenchyma cells of the secondary phloem. The pericycle and phloem- 
parenchyma cells have an unusual capacity for becoming meristematic; 
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Fig. 7. Transverse section of a healthy bundle, showing formation of secondary 
cambium in bundle cap. First phloem and xylem elements have differentiated from this 


cambium, x 180. 


696 PHYTOPATHOIiOGY [VOL. 23 

being very slightly specialized; they may give rise to all types of cells that 
occur in a beet plant 

Artschwager (2) reported that in the floral axis the secondary cambium 
arises in the pericycle. 

In this study, a large number of healthy young and old leaves, including 
those taken from flowering stalks, showed, upon examination, that secon- 
dary cambium forms to a limited extent in sugar beet leaves. Figure 2, A, 
represents a bundle without a secondary cambium, and figure 7 shows one, 
at the base of the petiole, in which a secondary cambium has arisen in the 
cap ; from this cambium some phloem and several xylem elements have 
matured. Frequently, several of the larger bundles at the base of an old 
leaf show secondary vascular tissue in the cap. 

In petioles the secondary cambium and the vascular tissue arising from 
it have been seen to form in the pericycle, but more frequently in the 
parenchyma of the primary phloem. They have been noted only in a short 
region at the base of the petiole. In cases studied, no such secondary 
vascular tissue was found at the insertion of the lamina or in the midrib 
or lateral veins. 

Differentiation of xylem in the degenerated bundle cap of diseased 
leaves. — In the diseased leaves xylem differentiation in the cap occurs not 
only in the petiole, but in the midrib and lateral veins. This xylem is 
abnormal in its distribution and structure. It usually shows irregular dis- 
tribution in both transverse and longitudinal sections (Figs. 8, A, and B) . 
Cells of the callus-like tissue either differentiate directly into xylem elements 
or behave as cambium, forming radial rows of longitudinally elongated 
cells that mature into xylem elements. In the first ease the xylem shows a 
very irregular distribution, frequently forming rings pf xylem elements 
(Fig. 5, F) like those described by Kiister (38) in the case of callus in Beta. 
These groups may have no connection with the rest of the abnormal xylem. 
In the second case, the abnormal xylem runs parallel to the normal and 
appears more regular (Fig. 5, E). Figure 6 shows an early stage in the 
development of vascular tissue in proliferated tissue near a lesion. 

The normal xylem arising from a secondary cambium shows sealariform, 
scalariform-reticulate, and pitted elements and lignified fibers with unsym- 
metrical pits having narrow mouths. The abnormal xylem contains no 
fibers and consists of spiral, sealariform, and scalariform-reticulate ele- 
ments. 

Transverse and longitudinal sections of diseased leaves in no case 
revealed a connection between the xylem in the hyperplastic tissue and the 
normal xylem. 

Leaves cleared in lactic acid (method by Simpson, 56) showed that the 
abnormal xylem may run parallel to the normal xylem through the petiole 
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Fig. 8. Transverse (A) and longitudinal (B) sections of diseased bundle from the 
petiole, showing abnormal xylem (oic) and byperplastie tissue near lesion (wh) in the 
bundle-cap region. xl74. 
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and midrib and into the lateral veins without forming any anastomoses 
with the normal xylem. This method also made it possible to distinguish 
islands of abnormal xylem that have no connection with the rest of the 
abnormal xylem. 

The absence of connection between normal and abnormal xylem was 
also ascertained by introducing a stain into the xylem. This work was done 
under a dissecting binocular microscope, magnification x 50, a concentrated 
solution of acid fuchsin in tap water being used. The studies were made 
on leaves severed from plants. At first a strand of abnormal xylem was 
freed with a dissecting scalpel from surrounding tissues in a small area 
i in. above the base of the petiole. A drop of the stain was then placed 
upon the freed portion of the strand, which was being supported upon a 
scalpel. With a second scalpel the strand was then cut under the fuchsin 
solution. After 5 minutes or thereabouts, the cortical tissue was removed 
above the vascular strand all along its course, and the distribution of the 
stain was determined. It proved to remain confined to the abnormal 
xylem, which appeared as a red line upon the white background of the 
normal xylem underneath. The abnormal xylem itself was continuous, 
and the stain spread from the base of the petiole into the abnormal xylem 
of the lateral veins. In several cases tracheal tubes leading along the 
midvein would suddenly terminate in a ring-like group of elements ; from 
this point on, only one tube would continue into the lateral vein. Intro- 
duction of the stain into the normal xylem only was also tried, the strand 
of abnormal xylem being in this ease removed for a distance of approxi- 
mately an inch at the base of the petiole. The latter was then immersed 
in acid fuchsin solution, and a small section cut off at the base. The stain 
entered the normal xylem but was not found in the clipped strand of 
abnormal xylem. The latter appeared as a white line upon the red back- 
ground of stained normal xylem. The stain, when introduced into an 
individual normal xylem strand, was distributed through all the other 
normal strands but did not enter the abnormal xylem. 

Whether or not phloem differentiates along with abnormal xylem has 
not been determined. The adjacent tissue often resembles phloem in cross- 
section, but no sieve tubes were definitely recognized in longitudinal sec- 
tions. 

The formation of xylem in the hyperplastic tissue of curly-top leaves is 
not an extraordinary phenomenon. Xylem and phloem commonly differen- 
tiate in callus (38), and, moreover, the tissues of Beta are readily stimu- 
lated by wounding to produce cambium and vascular tissue (69). 

Exudate from necrotic phloem . — The previously mentioned exudate 
from diseased leaves was tested according to Fluckiger as quoted by Tun- 
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mann (66, p. 184). Only traces of reducing sugars were observed. Tbe 
CusO precipitate was, however, abundant after inversion with H Cl, a fact 
indicating that sucrose is the predominant carbohydrate constituent of the 
exudate. Similar results were observed by Carsner and Stahl (15), em- 
ploying Fehling’s test. 

The microchemical tests on the exudate thus far made are not a suffi- 
cient basis for any conclusions regarding the proportions of earbohydrate 
components of the exudate. The fact, however, that the latter contains 
sugar apparently indicates that it is derived from the phloem, although, 
according to Ruhland (47), the sugar is translocated in beet leaves mainly 
in the form of invert sugar. The anatomical studies also show that the 
exudate may be traced back to the phloem region, from which it escapes 
through the intercellular spaces (Figs. 3, C, and D). The exudate is 
probably the material translocated in the phloem. According to Crafts 
.(18) the material in healthy phloem is under high pressure, but remains 
confined to this tissue because of the presence of limiting layers (cambium 
on one side and the starch sheath on the other). In view of this theory, 
the suggestion might be made that necrosis of the phloem so affects the 
limiting layers that they cannot resist the pressure existing in the phloem, 
and the translocated material escapes into the xylem or to the exterior. On 
the other hand, there is a possibility that the pressure existing in the 
phloem is increased in diseased leaves (15) and that the material is forced 
into the intercellular spaces of surrounding tissues. 

PATHOLOGIC CHANGES IN TISSUES OTHER THAN THE PHLOEM 

Clearing of the veins, — At this point, a few words are necessary concern- 
ing the appropriateness of the expressions clearing of the veins and trans- 
parent venation. The term vein in botanical literature is used rather 
loosely. It is commonly applied both to the vascular tissue and to the 
tissues in which the vascular strands are imbedded and which, in the case 
of larger strands, form protrusions and ridges. In a more exact terminol- 
ogy, according to de Bary (3, p. 299 ), the term vein, nerve, or rib is applied 
only to the protrusion, that is, to the external formation of parts; while the 
vascular bundle or strand refers to the inner structure. The former loose 
usage of the term vein, being very convenient, has become established. 
There should be, therefore, no objection to the continued mention of clear- 
ing of veins, the more so as this expression describes a phenomenon that 
may be recognized externally. A substitution of translucent for trans- 
parent is to be recommended, because the veins in curly-top leaves do not 
permit objects to be seen through them (transparency), but they admit the 
passage of light (translueency) to a greater extent than the veins in healthy 
leaves. 
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Clearing of tlie veins has been described not only in cnrly-top sugar 
beets, but also in the case of plants affected by certain other virus diseases. 
In curly top, however, it appears not to be identical with clearing of the 
veins in some other diseases. In the case of crinkle-^ ^ A’’ mosaic disease 
of potato, the veins of the young leaves become bright yellow and necrotic 
(48, 49) ; in asters affected by yellows, only a slight yellowing appears 
along the veins (36). In curly-top beets, on the other hand, the veins 
become neither yellow nor necrotic, but appear translucent in transmitted 
light. This condition is not comparable to that termed ^^water soaked.’^ 

No investigator has given definite morphological and physiological 
description of clearing of veins. Kunkel (37) suggests that this symptom 
may result from a stimulation of cell growth in the phloem. 

In curly-top leaves showing translucent veins, the small veinlets may 
be recognized in transmitted light. In a healthy leaf only the larger veins 
are somewhat translucent, because their protrusion consists of large cells 
containing few chloroplasts (Pigs. 10, A, and 9, C), but the small veins 
are surrounded by mesophyll cells with a large number of chloroplasts. 

Clearing of the veins is an early symptom and usually appears in all 
newly-developed leaves as long as the plant lives. Very soon, however, the 
translucent veins become swollen. In severely affected plants the trans- 
lucent'Venation stage is short, the veins in very young leaves becoming 
thickened and distorted. In less severely affected plants the swelling may 
be very slight or undiscernible with the naked eye. Blisters (55) resemble 
translucent venation except that the clearing and swelling are confined to 
isolated areas along the veins. 

Changes in leaves that may be recognized at the stage of cleared veins 
involve both the phloem and the adjacent mesophyll. As previously men- 
tioned, in the early stages of disease hypertrophy and hyperplasia occur in 
the phloem. These may be recognized in leaves showing translucent veins. 
The stimulation of cells to growth and division extends beyond the phloem, 
however, involving mesophyll cells adjacent to the bundle on the phloem 
side. These cells divide radially and become so tightly packed as to leave 
no intercellular spaces. The chloroplasts are few and pale, some showing 
irregular shape, w’-hich indicates a condition of degeneration. This stage 
is represented in figure 9, A. For comparison, a cross-section of a healthy 
leaf is represented in figure 9, B. The mesophyll here shows the same 
number and size of chloroplasts below and above the small bundle. Inter- 
cellular spaces are formed very early in the mesophyll of healthy leaves on 
both sides of the bundle, whereas, in the diseased leaf, such spaces are 
absent on the phloem side. This change occurs not only in cells adjacent 
to the phloem but extends to the epidermis on the dorsal side of the leaf 
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and laterally Toeyond the phloem region. In subsequent stages the cells 
near the phloem elongate radially and become distinctly larger than those 
farther removed. 


Leaves showing clearing of veins were taken from 2 kinds of plants: 
those recently inocnlated with the virus and just having developed trans- 



Fig. 9. Clearing of veins. A. Transverse section of a young diseased leaf, showing 
hyperplasia of cells and degeneration of ehloroplasts in mesophyll adjacent to phloem 
(ph). x450. B. Transverse section of a young healthy leaf. x450. C. Parenchyma 
cell from a large vein of a young healthy leaf, x 1060. D. Healthy mesophyll cell from 
region adjacent to phloem of small bundle. xl060. B. Diseased mesophyll cell from 
region adjacent to phloem of small bundle, showing degenerated ehloroplasts. X 1060. 
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lucent veins or blisters; and those that had been infected for a long time 
but in which the youngest leaves showed pronounced translucent venation. 
The degeneration of chloroplasts was observed in both kinds of leaves. 

In fresh sections appear degenerating pale green chloroplasts of irregu- 
lar shape. Considerable hyaline granular material is present in cells where 
the chloroplasts have degenerated to such a stage that few or none are 
present in the cells. In fixed material the degenerating chloroplasts stain 
more weakly than normal ones, so that the regions about the phloem in 
stained sections appear pale. In such material the chloroplasts are of 
irregular shape and in many cases they appear as small bodies surrounded 
by a halo. The granular material also was recognized in stained sections. 
Figures 9, D, and 9, E, compare cells containing healthy and degenerated 
chloroplasts in stained sections. These cells were drawn from similar 
regions in the mesophyll near the phloem of a small vein in a healthy and 
a diseased leaf, respectively. Figure 9, C, shows a cell taken from a pro- 
trusion of a large vein. The cell is larger than the mesophyll cell in figure 
.9, D, but contains smaller chloroplasts, fewer in number per unit volume. 

A marked feature of many of those cells showing degeneration of chloro- 
plasts was an extremely rapid movement of small granules — too rapid to be 
accounted for by the protoplasmic streaming and apparently indicating 
jSome change in the structure of the cytoplasm. Dickson (20) observed a 
similar phenomenon in mesophyll cells of various plants affected by certain 
mosaics. 

The degenerating cells were further characterized by the presence of 
numerous small vacuoles, as large as healthy chloroplasts or larger. Such 
vacuoles may occasionally be observed in healthy cells also, but much less 
frequently than in diseased. The vacuoles were not observed in the mate- 
rial embedded in paraffin, but appeared in sections treated with the killing 
solution (Karpechenko’s weak) for a few minutes and then mounted in 
glycerine. In such material, the vacuoles could be made to show more dis- 
tinctly by staining the sections with anilin blue. Numerous small granules, 
apparently, had accumulated at the surface of the vacuoles and, by ab- 
sorbing blue stain, gave a sharp outline to the vacuoles. In fresh sections 
these granules appeared green. 

The various phenomena described above have been observed also in the 
ease of many other diseases. Translucent tissue with reduced intercellular 
space has been described in virus-diseased plants by several workers, among 
others by Dickson (20), Doolittle (21), Gardner (29) and Rand (46). The 
hypertrophy of green cells is usually accompanied by the disappearance of 
chloroplasts (38). Such cells may become totally depleted of chlorophyll, 
as in the case of intumescences (61). 
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Many virus diseases affect tlie cliloroplasts and thus induce cMoroses 
of various types. Some investigators report that the chloroplasts disinte- 
grate (22, 27, 32, 46, 62) ; others attribute their reduction in size and num- 
ber in certain mosaic diseases to inhibition of their development (9, 16, 17, 
31, 35). In severe eases of certain diseases, the chloroplasts have been re- 
ported to disintegrate, while in milder cases of the same disease their de- 
velopment was only inhibited (20, 33). Apparently, both hypoplasia and 
disintegration of chloroplasts may take place in virus diseased plants, de- 
pending upon the stage of development at which an organ is infected as 
well as upon the severity of the disease. 

Both phenomena probably occur in curly-top beets. The disintegration 
of chloroplasts was very distinct in leaves where they were well developed 
before hypertrophy began. In younger leaves containing very small chloro- 
plasts, disintegration is less marked. In severely affected plants, hyper- 
trophy along the veins may perhaps start so early as to inhibit the develop- 
ment of the chloroplasts. 

Investigators report destruction of chloroplasts by living organisms (27, 
62) ; dissolution (22) ; swelling (5, 6) ; and fragmentation (5, 6, 20, 32, 33, 
46), which was the only phenomenon observed during these studies. 

Vacuolation of cells, as observed in the ease of virus, fungal, and bac- 
terial diseases, has been interpreted as a sign of superactivity in the affected 
cells (23, 24, 25). This condition may also be induced by nonliving agents, 
both physical and chemical (39). 

The findings of this investigation, considered in conjunction with the 
facts just cited, justify the conclusion that certain cells in translucent veins 
are in a stage of degeneration. Hypertrophy and hyperplasia, degenera- 
tive changes that, in the phloem, are somehow related to necrosis, in the 
mesophyll are accompanied by only partial destruction of cell contents. 
Clearing of the veins is a manifestation of the early stages of degeneration 
occurring in and along the vascular bundles. Although hypertrophy and 
hyperplasia may be recognized in the phloem at the stage of cleared veins, 
the translucency of veins seems to be explained mainly by enlargement, 
division, and close packing of mesophyll cells adjacent to the phloem, and 
by the reduction of their chlorophyll content. 

Overgrowths on veins . — ^Veins of diseased leaves become thickened and 
distorted. Upon them appear numerous overgrowths of various sizes, some 
representing only slight irregularities on the surface, others developing into 
long papillae. Translucent veins, swollen veins, and wart-like protuber- 
ances are successive manifestations of one continuous process — the hyper- 
trophy and hyperplasia of the parenchyma tissue about the phloem. At 
the translucent venation stage, as was mentioned above, division of cells. 
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followed by tlxeir radial elongation, occurs in the mesophyll adjacent to the 
phloem. Divisions in planes other than radial also occnr during the de- 
velopment of a protuberance, bnt the radial elongation of cells is a more 
important cause of the extreme length of the protuberances. The long cells 
have but few chloroplasts and are surrounded by apparently normal cells 
containing a larger number of chloroplasts. The anatomical structure of 
healthy and of proliferated lateral veins is shown in figures 10, A, and 
10, B. 

Where hypertrophy and hyperplasia are not so extensive, the veins are 
merely thickened. In dwarfed, severely affected leaves, mesophyll other 
than that adjacent to bundles may be in a hypertrophied condition, result- 
ing in abnormal thickness. 

The overgrowths are always found in connection with degenerated 
phloem in the bundle. Either necrotic tissue or healed-over lesions may be 
associated with a protuberance. Townsend (65) does not make this clear 
in his illustration. The bundle associated with the overgrowth, as shown 
by him, does not differ from the healthy bundle. Abnormal xylem may be 
present in the degenerated phloem region (Pig. 10, B), a part of the ab- 
normal xylem strand running parallel to the normal xylem strand in the 
lateral vein. No xylem occurs in the pericycle and phloem region of a 
healthy lateral vein. 

A certain degree of hypoplasia is involved also in the formation of pro- 
tuberances, no collenchyma developing below the epidermis of a protuber- 
ance, as in a healthy vein (Pigs. 10, A, and 10, B). The xylem is also in a 
hypoplastic condition. 

Consumption of cell contents and an early death do not occur in pro- 
liferations on sugar-beet leaves as they do in hyperhydric tissues. They 
have a certain similarity to tumors or galls induced by animal parasites, 
being more or less permanent structures, formed not only through hyper- 
trophic but also through hyperplastic processes. The galls, however, show 
a more complex structure and frequently a more definite organization. 

Proliferations, morphologically similar to the protuberances in curly- 
top sugar beets, may be induced in plants by mechanical and chemical 
means, as well as by other diseases and parasites. Schilling (51) induced 
overgrowths on certain plants by covering small areas on stems with 
paraffin. Smith (57, p. 477) obtained hyperplasias by treating plants sus- 
ceptible to crown gall with chemicals said to be produced by the crown-gaU 
organisms. According to this investigator, overgrowths may also be in- 
duced by slight freezing, mechanical irritation, over-watering in a confined 
atmosphere, semi-asphyxiation, etc. Although the agents that stimulate 
the production of hyperplasias are widely different, they produce similar 
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Fig. 10. Transverse sections of lateral veins. x73. A. HealtRy, 2 ^, pericyclej 5 , 
stareli sheath,. B. Diseased, shov^ing proliferation aad radial elongation of parenchyma 
cells external to bundle. Abnormal xylem (cw?) in bundle cap region. 






706 


Phytopathology 


[VoL. 23 


structures. This fact suggests that the causal factor might he the same 
in every case (38, 57). Possibly the stimulus to growth and division is 
furnished by some definite physico-chemical change that may be induced 
by various means. Smith’s (57, p. 511) concept is that this type of change 
is initiated in injured cells and that all tumors begin in injuries and may 
be regarded as ‘'excessive and continually modified wound-repair reac- 
tions.” Gardner (29) has also found that proliferations in tomato-streak 
mosaic are associated with necroses. 

Since the proliferations of tissues along the veins in sugar-beet leaves 
affected by curly top resemble those observed in other plants, suffering 
from other types of diseases and injuries, their development might be at- 
tributed, not to a specific action of the curly-top virus, but to some cause 
that is similar in the case of all such structures. Growth and cell division 
might be stimulated by processes involving changes in the concentration of 
cell constituents. An accumulation of sugars in curly-top leaves has been 
shown to occur and was interpreted as the result of disturbed translocation 
in the degenerating phloem (15). Like the hyperplasias studied by Smith 
(57) and Gardner (29), the overgrowths in sugar beets are associated with 
necrotic lesions and the stimuli that lead to formation of the hyperplastic 
tissue near the lesions and to the proliferations of tissues farther removed 
from the lesions may perhaps be similar. 

DISCUSSION 

The disease known as curly top induces, in affected plants, anatomical 
changes, which involve hypertrophy, hyperplasia, hypoplasia and necrosis. 
The change last mentioned is limited to the phloem and pericycle. Patho- 
logic effects of similar nature have been observed in many other virus 
diseases. 

The effect of virus diseases is commonly noted throughout the plant. 
Curly top is such a disorder, necrosis of the phloem occurring in leaves, 
stems, and roots. Leaves developing after inf ection usually show symptoms 
and are stunted j the root is retarded in its growth and produces numerous 
laterals. 

The first sign of degeneration has been observed in the phloem and 
pericycle and is probably the primary effect of the disease. Cell prolifera- 
tions in the phloem following necrosis, hypertrophy, and hyperplasia in 
the mesophyll, and the general stunting of the plant, may be interpreted as 
secondary effects. These may conceivably be responses to a disturbed nutri- 
tion caused by degeneration and necrosis of phloem. If disturbance in the 
phloem results in sugar accumulation in certain exterior cells, the latter 
may be stimulated to growth and division, thereby producing proliferations 
along the veins. Similar nutritional disturbances may cause cell prolifer- 
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ations adjacent to necrotic lesions. The stunting of the plant undoubtedly 
results from a deficiency in nutrition, caused by phloem degeneration. 

One might suggest, then, that the primary change in the plant, phloem 
degeneration, is induced by the causal agent of curly top in this tissue ; 
that the secondary changes are, at least in part, responses of the plant to 
internal injury and necrosis and to the effects of these upon conduction 
and organic nutrition. At the same time, the alternatiye hypothesis, that 
stimulation to growth and division of cells outside the phloem is a direct 
effect of the virus, cannot be rejected at this stage of investigation. The 
studies seem to indicate that among the early responses in the phloem to 
infection are hypertrophy and hyperplasia. Very soon this stimulation 
spreads to cells outside the phloem. If hypertrophy and hyperplasia in the 
phloem result from the presence of the virus, the stimulation of mesophyll 
cells adjacent to the phloem may have the same cause. It is difficult to con- 
ceive that the virus would be strictly limited to the phloem in leaves so 
young that all cells are still predominantly immature. The hypertrophy 
of cortex cells along the path of the exudate may also be interpreted in 2 
ways : stimulation may be caused by increased nutrition or by the presence 
of the virus in the exudate. 

Whether the virus stimulates cells by disturbing their nutrition, or 
whether it has a more specific action, remains an open question. Neither 
do we know whether cells proliferating near necrotic lesions in curly-top 
beets, as well as in other plants, are stimulated solely by nutritional dis- 
turbances, or whether specific substances (wound hormones of Haberlandt) 
are involved. These questions will probably not be answered until we 
know more about the stimuli underlying the growth and division of cells, 
whether they be primarily or secondarily meristematic. 

Although the changes in the tissues outside the phloem may be caused, 
in part, by the same stimulus that leads to hypertrophy and hyperplasia 
in the phloem, the observations strongly indicate that the phloem and peri- 
cycle are the first tissues injured and that the effect of the virus is centered 
in this region. This conclusion seems significant with regard to the locali- 
zation of the curly-top virus in the affected plant. 

According to Kiister (38, p. 383), necrosis in plants is often limited to 
vascular bundles, either because their elements are particularly susceptible 
to certain injuries, or because, in many cases, they form the channels of 
distribution for injurious agents. 

Studies on the physiology of virus diseases indicate that some viruses 
probably move mainly through the phloem. Ringing experiments have 
shown that certain viruses travel through the bark (4, 7) ; and studies of 
the aucuba mosaic of the tomato have demonstrated that the virus does 
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not enter xylem (12, 13). The rates at which certain viruses have been 
found to travel throiigh plant tissues (54, 63) are comparable to those 
reported for the translocation of materials in the phloem. Henderson Smith 
(58) suggested that, because the rate of spread of certain viruses is too 
high to be explained by movement from cell to cell, and too slow for con- 
veyance with the water stream, this transport is evidently effected through 
the phloem. 

The curly-top virus moves rapidly through plant tissues (54), including 
phloem necrosis throughout the plant. The suggestion seems justified that 
the causal factor of curly top is active mainly within the phloem and that 
disorders occurring outside of this tissue are mostly secondary — the results 
of inhibited conduction. 

STJMMABY 

Curly top induces pronounced anatomical changes in affected leaves, 
involving hypertrophy, hyperplasia, hypoplasia, and necrosis. 

Necrosis has been observed only in the primary and secondary phloem 
and pericycle. It leads to a collapse of cells and formation of lesions. 

Hypertrophy and hyperplasia occur in the phloem and pericycle before 
and after necrotic lesions are formed. Stimulation to growth and division 
of cells adjacent to lesions resembles wound-healing reactions. Phloem 
parenchyma, starch sheath, and cortical parenchyma participate in the pro- 
liferations near the lesions. 

Abnormal xylem frequently differentiates in the proliferated tissue in 
the phloem region. Within leaves, this xylem is not connected with the 
normal xylem. Although phloem parenchyma and pericycle in roots and 
stems usually give rise to secondary cambium, which differentiates into 
xylem and phloem, in the leaves, such a development was found to occur 
only at the base of the petioles, whereas the abnormal xylem is produced in 
petioles, midrib, and lateral veins. The abnormal xylem differs from the 
secondary xylem, arising in the pericycle and phloem region, in the char- 
acteristics of its components: normal xylem has scalariform, scalariform- 
reticulate, and pitted vessels and pitted fibers; the abnormal xylem has 
spiral, scalariform, and scalariform-reticulate vessels and no fibers. The 
abnormal xylem shows very irregular distribution. 

Hypertrophy and hyperplasia are not confined to the phloem but occur 
in cortical tissue also. The mesophyll cells adjacent to the phloem are 
stimulated to growth and division, becoming closely packed, with no inter- 
cellular spaces. The chloroplasts are few, small, and pale in the hyper- 
plastic tissue; they are often of an irregular shape, indicating degenera- 
tion. These changes are held responsible for the symptom called clearing 
of veins. 
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In later stages hypertropliy and hyperplasia in cortical tissue lead to 
thickening and distortion of the veins and to a formation of protuberances. 
The mesophyll farther removed from the phloem may also be in a hyper- 
trophied condition, causing thickening of leaves. 

Hypoplasia is manifested mainly in the dwarfing and stunting of the 
plant. 

It is suggested that injury and degeneration of phloem elements prob- 
ably result from the presence, within the cells, of the causal agent in curly- 
top infection. Changes occurring in the phloem region after necrosis and 
those occurring outside the phloem may be interpreted as secondary re- 
sponses to internal injury and to the resulting necrotic condition in the 
phloem. On the basis of this interpretation, a hypothesis has been ad- 
vanced that the virus of curly top is active mainly in the phloem. 

Division of Botany, College of Agriculture, 

University of California, 

Davis, California. 
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CULTURE OP PHYTOPHTHORA INFESTANS 

W I L L A R i> Crosier 
(Accepted for publication Sept. 22, 1932) 

Phytophihora infestans (Mont.) de By., pathogen of the common late 
blight of potatoes, is often desired for experimentation and for class demon- 
strations in plant pathology and in mycology. It is frequently the case, 
however, that considerable difficulty is encountered in culturing the fungus. 
Ordinary culture media, such as potato-dextrose agar, oatmeal agar and 
eornmeal agar, which are useful in growing other species of Phytophthora, 
support only a feeble growth of P. infestans. A number of workers, in- 
cluding Clinton (2), Jones et al. (3), Rosenbaum (6), and Tucker (7), 
comment on the extremely meager growth of P. infestans on vegetable and 
cereal agars and on synthetic media. It is not impossible to grow the 
fungus on oatmeal agar but the resultant development of mycelium and 
sporangia necessitates the use of an unwieldly number of test tubes, Petri 
dishes, or flasks. 

The possibility of culturing the fungus on oatmeal agar as a means of 
maintenance only and its transfer to potato tubers or foliage to develop 
large numbers of sporangia or to demonstrate the pathogen-suscept rela- 
tionship has been suggested. It has been found that mycelium transferred 
to tubers in some cases causes a tuber rot but in the majority of cases does 
not. Practically all of the students who have attempted to develop a tuber 
rot by this method have been unsuccessful. 

The best method of growing the fungus in pure culture is that of using 
raw aseptic tuber plugs as suggested by Jones et al. (3) and as improved 
by Lohnis (4). This method consists of surface sterilizing tubers and re- 
moving plugs of the inner tissue with a sterilized cork borer. The plugs 
are then placed in sterilized test tubes containing a small amount of water. 
This method has not been very popular since it necessitates very careful 
work in the preparation of the plugs, and the surface available for the 
formation of the aerial mycelium and the sporangia is not large enough 
to supply sporangia in quantity. 

In a recent investigation dealing with sporangium production and ger- 
mination it was necessary to develop sporangia in abundance at will and 
to be able to remove them for use while they were still viable. The method 
mentioned above was not satisfactory. It has been found much better to 
grow the fungus continuously on either disinfected tuber slices or on potato 
foliage. Transfers are made as often as necessary to maintain a thrifty 
clean growth. When plants of a susceptible variety are available they are 
inoculated with either sporangia or preferably with swarm spores. If only 
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a few sporangia are desired a few leaflets may be inoculated, or if a large 
number of sporangia are needed for extensive study or for demonstrations 
several plants may be thoroughly inoculated. The spores are either sprayed 
on with an atomizer, dropped on from a pipette or sprinkled on with a com- 
mon clothes sprinkler. At an incubation temperature of 20° C. lesions 
appear in 3 to 5 days. The diseased leaves are then detached and placed 
in a moist chamber to permit sporulation. Sporangia form in abundance 
over the entire necrotic area and in the surrounding margin of green tissue 
in 8 hours or more, depending on the temperature. When it is desired to 
maintain the fungus for an indefinite period with a minimum of attention 
the plants are placed at a temperature as low as 10° C., if possible. The 
fungus grows slowly at this temperature, so that the plants are not killed 
for several weeks. When sporangia are needed the plants are placed in 
a moist chamber at 18 to 20° C. Under these conditions the fungus rapidly 
extends throughout the host plant and sporulates readily and abundantly. 

When it is inconvenient or impossible to employ plants for substrata, 
thin slices cut from washed and surface-sterilized tubers may be utilized. 
Sound tubers are washed in warm water, dipped in HgClg (1 to 1000) for 
5 minutes or longer, rinsed in sterilized water and cut into slices with a 
sterilized scalpel. Under ordinary conditions it is necessary only to wash 
the tubers, dip them in 70 per cent alcohol, and flame them to insure a 
moderately clean and sterile surface. The slices are immediately placed 
in clean Petri dishes containing moist filter paper. 

The fungus may be transferred to the slices by diseased tissues, aerial 
mycelium, sporangia or swarm spores. Either of the first two may be 
stabbed into the upper surface of the slice with a flamed scalpel. In case a 
suspension of sporangia or of swarm spores is used for the inoculum a small 
depression or well is made in the slice and a drop of the suspension placed 
therein. This permits the fungus and also the bacteria to radiate from a 
common focus, and the more rapidly growing fungus is enabled to advance 
practically free of inhibiting bacteria. The Petri dishes are then covered 
for at least 2 hours to maintain that high relative humidity essential for 
the growth of the germ tubes and for their penetration into the new sub- 
stratum. Establishment of the fungus proceeds most rapidly at tempera- 
tures of 9 to 24° C., with an optimum at 19 to 22° C. 

The further treatment of the slices depends on whether a new growth 
is desired in the briefest possible time or only after a longer period. The 
optimum conditions for incubation are: a temperature of 19 to 21^^ G. and 
a relative humidity of approximately 100 per cent. Under these conditions 
aerial mycelium appears on the slices within 2i to 3 days, depending some- 
what on the variety used for the substratum. The development of aerial 
mycelium and, therefore, sporangia, is retarded by a slight decrease in the 
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relative humidity and is entirely prevented when the latter is helow 90 per 
cent, Suh jeeting the slices to low relative humidities results in decreasing 
the aerial mycelium and, what is more important, retards the growth of 
bacteria. It has been found that infected tubers or tuber slices exposed to 
ordinary room temperatures and humidities will not rot entirely for sev- 
eral weeks and that when afterwards placed in a moist chamber will give 
rise to sporangia in abundance. Bacterial contamination also is decreased 
or entirely eliminated by incubating the slices at temperatures below the 
optimum (19 to 21^^ C.) for growth of the fungus. Cultures have been held 
at 6° C. for as long as 30 days with no appreciable amount of contamination 
due to bacteria. The initiation of sporulation is considerably delayed and 
its continuation favored by the lower temperatures. In a number of ex- 
periments slices were placed at 6° C. within a few hours following transfer 
of spores and examined daily. Aerial mycelium only rarely formed within 
15 days and sporangia usually appeared in about 20 days. This indicates 
that the fungus may be maintained with very little attention by growing it 
at a low temperature. At an incubation temperature of 9° C. mycelium 
appeared in 12 to 14 days, at 12° C. in 6 to 7 days and at 15° C. in 4 to 
6 days. 

A lot of Bural Bussett tubers, artificially inoculated with Fhytophihora 
infestans, were held from October, 1931, to July, 1932, at a temperature of 
4 to 6° C. and a relative humidity of 80 to 85 per cent. Very little bac- 
terial rot was evident at the termination of this period, although some of 
the tubers were nearly destroyed by Phytophthora rot. The fungus was 
induced to grow vigorously and to sporulate copiously simply by placing 
the tubers in a saturated atmosphere at 18° C. Fructifications formed in 
abundance in 24 hours or less. More or less similar conditions exist in 
ordinary storage of tubers over the winter months and similar overwinter- 
ing of the fungus can be considered an actuality. 

It has been shown that the production of sporangia of Phytophthora 
infestans is of common occurrence when the atmosphere is saturated with 
water vapor and takes place over a temperature range of 6 to 24° C. The 
results of several experiments show that sporulation occurs at a minimum 
temperature of 3° C. and at a maximum of 26° 0. Vowinckel (8), working 
in Germany, reports essentially identical results. Only a few of the 
sporangia that form throughout this range of temperatures will germinate 
either by germ tubes or by swarm spores unless precautions be taken to 
maintain their viability and to supply the correct conditions for their ger- 
mination. P. infestans in common with most species of the order Perono- 
sporales forms aerial sporangia only when moisture is present and these 
sporangia remain viable and germinate only in the presence of moisture or, 
at least, a very high relative humidity. 
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Under optimnni conditions the sporangia remain viable for only a few 
days. A high relative humidity is absolutely essential for maintenance of 
viability, and low temperatures prolong the period of viability. Melhus (5) 
observes that sporangia, held for 6 hours in a dry laboratory, are not able 
to germinate; while Lohnis (4) reports that no sporangia survive an hour 
of rapid drying. Other workers state that low humidities and high tempera- 
tures adversely affect the longevity of the sporangia, but data based on even 
approximately controlled factors have not been available until the last few 
years. Vowinckel (8) attempted to find the relative humidities necessary 
for sporangium formation and longevity but was not very successful be- 
cause of poor control of humidity. 

In a series of experiments in which the relative humidity has been con- 
trolled to within li per cent it has been found that the lower the relative 
humidity the more rapid the loss of viability. Lots of sporangia that gave 
80 per cent indirect germination at 13° C., as soon as mature, have been 
held at a temperature of 20° C. and various relative humidities. Sporangia 
exposed to 99 per cent relative humidity for an hour gave 72 per cent indi- 
rect germination ; those held at 90 per cent for an hour gave 45 per cent 
germination ; those at 50 per cent gave 11 per cent germination ; and those 
held at 25 per cent gave only 5 per cent indirect germination. Similar lots 
of sporangia have been exposed to temperatures of 25 and 30° C. and 
various relative humidities. In these eases the loss of viability "was even 
more pronounced. As a comparison, sporangia exposed to 25° C. and 90 
per cent relative humidity for an hour gave 40 per cent indirect germina- 
tion, whereas those held at a similar relative humidity and at a temperature 
of 30° C. gave only 32 per cent, indirect germination. Reduced humidities 
and high temperatures affect the ability of the sporangia to germinate di- 
rectly, although to a lesser degree. 

The experiments of Melhus (5) demonstrate that a greater percentage 
of sporangia will germinate by swarm spores at 13° C. than at any other 
temperature to which he exposed them. The optimum temperature for 
germ-tube formation is reported to be 24° C. It has been found in similar 
experiments that sporangia of Phytophihora regardless of their 

age or the conditions under which they have been stored, germinate most 
rapidly and abundantly at 12 to 13° C. by swarm spores and at 24° C. by 
germ tubes. The range of indirect germination extends from 1° C. or lower 
to about 25° C. and that of direct germination from 6° 0. to nearly 30° C. 
The curves in figure 1, A, show the relation of temperatures from li to 
30° C. to both indirect and direct germination of variously treated spor- 
angia. A considerably greater percentage of sporangia germinate by swarm 
spores (curves IM, 10, IE) than by germ-tube formation (curves M, 0) at 
temperatures of 1-| to 18° C., whereas the opposite is true at temperatures 
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TEMPERATURE IN DEGREES CENTIGRADE 



PERIOD OF GERMINATION IN HOURS 

Fig. 1. Germination of sporangia of Fhytopt’hora mfesians. A. Eelation of tem- 
portiire to indirect germination (IM^ 10, and IE) and to direct germination (M and 
O). The curves are based on the actual percentages of sporangia that had germinated 
after exposure for 50 hours to the indicated temperatures. B. Eapidity of indirect 
germination at 13° C. Sporangia were removed from cultures that had been incubated 
at 15, 20, and 25° C. 
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of 21 to 30° C. Tlie relation of age and storage conditions of the sporangia 
to indirect gernaination is shown by curves IM, 10, IB. Old sporangia, 
cnrve 10, and sporangia that have been exposed a few honrs to a dry atmos- 
phere, curve IE, germinate less rapidly and also less abundantly than 
freshly matured sporangia, curve IM. It is evident from curves M (mature 
sporangia) and 0 (old sporangia) that the same relation of age to per- 
centage of germination exists in direct germination of the sporangia, al- 
though it is by no means so marked as in indirect germination. 

The rapidity of indirect germination of sporangia immersed in water 
and exposed to the optimum temperature of 13° C. is shown in figure 1, B. 
The influence of the temperature under which the sporangia have developed 
and have been stored is shown by the three curves. The most rapid and 
abundant germination occurred in these lots of sporangia that had formed 
on slices and leaves incubated at 15° C. Sporangia of the same age, formed 
and held at 20 or 25° C. until placed under conditions requisite for germi- 
nation, germinated less rapidly and less abundantly. This indicates, as 
field observations have confirmed, that, even though the relative humidity 
approach 100 per cent, sporangia that are exposed to temperatures of 
25° C. or higher for a few hours germinate very poorly, if at all, whereas 
those subjected to a temperature not exceeding 15° C. remain viable for 
several hours. No germination of sporangia has ever been observed unless 
water be present in the liquid state. The existence of a high relative hu- 
midity of 98 to 100 per cent does not suffice; the sporangia must be in con- 
tact with a film of water. Ordinarily, a slightly better germination occurs 
in a shallow than in a deep receptacle, and the results of many experiments 
show the presence of vaseline, bentonite clay, or finely dispersed infusorial 
earth increases the percentage of indirect germination. 

If one wishes to demonstrate the phenomenon of swarming, the swarm- 
spore suspension should be held at a temperature as near as possible to 3° C. 
The duration of motility decreases from 22 hours at 3° C. to 30 minutes at 
24:° C. A culture of swarm spores thus can be held for several hours in a 
motile condition simply by placing them at a low temperature. It also has 
been found advantageous in inoculation experiments to place the swarm- 
spore suspension at 3° C. if plants are not ready for inoculation as soon as 
the swarm spores have formed. The swarm spores, after coming to rest, 
germinate readily at 12 to 24° C. and less readily at 3 to 9° C. The op- 
timum temperature in relation to percentage of swarm spores that germi- 
nate is 15° C., while the germ tubes elongate most rapidly at 21° C. and 
die quickly at 26° C. or above. In inoculation work the foliage of the 
plants should be kept moist for at least IJ hours if the temperature is 
around 20 to 25° C., 2 hours if 15° C., and 2J to 3 hours if 10° C. The 
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percentage of penetration of germ tubes, however, continues to increase 
for as long as 8 hours at 10 to 25° C. After this period there is no par- 
ticular advantage in keeping the plants in a moist atmosphere. Numerous 
inoculation experiments have been made using a swarm-spore suspension 
containing 10 spores to a drop. At 10° C. only 4 per cent of the inocula- 
tions resulted in infections when the plants remained moist for 3 hours, 
but 85 to 90 per cent of the inoculations were successful when the plants 
were kept in the moist chamber for 8 hours. Comparable percentages for 
15° C. are 9 and 88, and for 21° C. are 13 and 91. 

As previously mentioned, the optimum temperature for direct germina- 
tion of the sporangia (conidia) is 24° C. The process of germ-tube forma- 
tion is, compared to formation of swarm spores, relatively slow and rarely 
more than 20 per cent of the sporangia germinate directly. In only one 
case have germ tubes been observed until the sporangia had been at the 
optimum temperature of 24° C. for over 4 hours. Ordinarily some germina- 
tion occurs in 8 hours at 18 to 26° C., although some lots of sporangia held at 
24° C. have not started to form germ tubes until the third day. It is pos- 
sible, as Blackwell and Waterhouse (1) mention, that maturation of the 
sporangia is a factor in the percentage and rapidity of direct germination. 
iFrom the facts that more sporangia germinate indirectly than directly, 
that one sporangium may form 8 to 20 swarm spores but only one germ 
tube, and that the process of liberation of swarm spores and their subse- 
iquent germination consume considerably less time than the formation of 
germ tubes directly from the sporangia, it is to be expected, as many experi- 
ments have shown, that PhytopMkora infestans spreads rapidly in the field 
when the temperature favors indirect germination of the sporangia but 
very slowly when the temperature favors direct germination. 

SUMMARY 

Suggestions are given for culturing Phytophihora infestans in pure 
culture and on potato tubers and foliage. 

Bacterial contamination is eliminated by incubating the tuber cultures 
at low temperatures or at low relative humidities. 

Sporulation occurs over a temperature range of 3 to 26° C. A saturated 
atmosphere is e^ential for sporangium formation. 

A high relative humidity is necessary to preserve viability of the spo- 
rangia. The period of viability also is increased by holding the sporangia 
at low temperatures. 

The optimum temperature for indirect germination of the sporangia is 
12 to 13° C., and for direct germination is 24° C. 
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The sporangia of P. germinate only in the presence of water. 

Bentonite clay and certain other substances increase the percentage of indi- 
rect germination. 

Swarm spores of P. infestans may be maintained in a motile condition 
by holding the spore suspension at 3° G. 

A small percentage of the swarm-spore germ tubes penetrate the host 
tissue in to 3 hours. Penetration proceeds most rapidly at 20 to 25° C. 
The results of many experiments tend to prove that Phytophthora in- 
spreads most rapidly in the field when the temperature favors 
indirect germination of the sporangia. 

Cornell TJhiversity^ 

Ithaca^ N. Y. 
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ASCOSPORE DISCHARaE IN OPHIOBOLUS GRAMINIS, AND 
ITS PROBABLE RELATION TO THE DEVELOPMENT 
OP WHITEHEADS IN WHEAT 

GrEOFFREY SAMUEL AND S. D . GrARRETT 
(Accepted for publication January 4, 1933) 

The epidemiology of the take-all disease of wheat, caused by the fungus 
Ophiabolus graminis Sace., is comparatively little understood as yet. 
There have been two main suggestions^ as to the method of dissemination 
of the fungus in the field: (1) that ‘^ascospores constitute the inoculum for 
the vast majority of infections’’ (Kirby (3)) and (2) that mycelium, car- 
ried by the wind with soil particles and in pieces of tissue from the bases 
of infected cereals and grasses, forms an important additional method of 
spread (McAlpine et aZ. (4)). 

A number of workers have studied ascospore discharge, and most agree 
that when ripe perithecia are placed in water the asci are ejected singly 
into the water, where they quickly burst, liberating the spores. Waters 
(5), however, figures asci and ascospores being extruded in a tendril 
through the ostiole. 

Kirby (3) stated ^^it is clear that the behavior of the ascospores at the 
time of their discharge restricts the agents of dissemination almost com- 
pletely to rain.” He also considered that the delicate nature of the asco- 
spores rendered them unsuitable for dissemination by wind, and he deter- 
mined that spores from a drop of water, allowed to dry on a glass slide, lost 
their power of germination within half an hour. 

The two statements of Kirby, quoted above, seem entirely inadequate to 
explain the known field occurrence of take-all. If ascospores are the main 
source of infection and if they can be disseminated only by rain washing 
them about in the soil, the appearance of take-all in the whitehead stage 
throughout 100-acre fields of wheat sown on fallow, as frequently occurs in 
Australia in seasons favorable to the disease, would be impossible to explain. 

We have recently made the observation that during periods of rain asco- 
spores may be ejected from the perithecia into the air at the rate of several 
hundred per minute from a single diseased wheat culm, in much the same 
manner that the ascospores ot Venturia imequalis are ejected during rainy 
periods in spring from dead apple leaves on the ground. In addition to 
this, fields badly infected with whiteheads were found to have a number of 
small patches in them in which the plants had become diseased in the early 
stages in the typical take-all manner and on which perithecia were present. 
It is considered that these two facts, combined, throw new light on the epi- 
demiology of take-all. 
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INCIDENCE OP TAKE-ALL IN SOUTH AUSTRALIA 

The incidence of take-all in the wheat fields of South Australia may be 
described briefly as follows: Crops sown on new land just cleared from 
Eucalyptus scrub are usually entirely free from the disease. It is the prac- 
tice to take 2 or 3 wheat crops in succession off such land, and in the second 
and third years isolated plants or small patches affected with take-all can 
often be found and occasionally there is a quite serious infection. After 
this period, depending on the weather, the growing of further wheat crops 
may become a gamble unless oats or bare fallow is brought into the rotation. 
Take-all definitely becomes the limiting factor to the frequency of cropping 
with wheat. As time goes on and farms, are brought into full cultivation, 
with the adoption of good crop rotations, methods for better consolidation 
of the soil, improved manurial practices, etc., take-all gradually becomes 
comparatively rare unless induced by special circumstances. The older 
wheat-growing districts are, therefore, frequently spoken of as having 
‘‘passed through the take-all phase,” and the disease is no longer feared. 

EPIDEMICS 

Epidemics of take-all appear to result in this country from the coinci- 
dence of 3 main factors : (1) lack of consolidation of the soil, (2) the pres- 
ence of some inoculum in the soil, and (3) last, but not least, the occurrence 
of showery weather lasting almost until the crop is in head. 

By far the greatest loss from take-all is due to the development of the 
whitehead stage of the disease just before the crop is ripening. Splendid 
crops, 4 ft. or more in height, in which only a comparatively few take-all 
patches were evident before flowering, may suddenly develop whiteheads 
after flowering, so that more than 80 per cent of the grain is lost and noth- 
ing can be done but reap the crop for a poor-quality hay, or burn 
it. Widespread losses of this type occur only in years when the ripening 
weather is showery and only on soils not well consolidated. The serious 
nature of the disease in seasons favorable to it is evident from the fact that 
in the State of South Australia, alone, take-all took in 1932 a toll of several 
million bushels of wheat. 

The 3 factors mentioned above as determining the occurrence of serious 
epidemics of take-all may be discussed in somewhat further detail as 
follows: 

(1) Consolidation of the 8 oil. Most of the affected crops are on land 
of a light, sandy texture. Moreover, instances frequently occur of a crop 
on light land remaining healthy only in parts where the soil has been well 
compacted. The following instance, given by a farmer on Eyre Peninsula, 
is fairly typical: “The paddock fallowed was 170 acres and sheep had ac- 
cess to it the whole season, a gate being left open between the fallow and 
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a grass paddock containing water. About 50 acres in the vicinity of the 
gate, and some 10 acres on a rise where the sheep made a camp, were so 
solidly compacted by the sheep that the wheat on these portions should 
yield 24 bushels to the acre. The crop is healthy, dense, and of good even 
colour, while on all other parts of the fallow take-all is very severe.” 

In the effort to get maximum consolidation of the lighter soils of the 
mallee wheat-growing areas, the best farmers plow only about 2 in. deep 
and keep their fallow lands clean either with sheep or with tined cultiva- 
tors working to a shallow depth (1). 

Take-all, however, can occur also on heavier land. In such cases it 
usually has been induced either by too deep plowing or by plowing in pas- 
ture grasses and cropping the following year, especially when seasonal con- 
ditions have not allowed a proper compacting of the soil. The deepest- 
plowed plot (12 in.) in the depth-of-plowing tests at Roseworthy Agricul- 
tural College is always the plot most severely affected by take-all. 

It cannot yet be said whether the greater severity of take-all on soils 
that are not well consolidated is due to the wheat plants being less resistant 
to the disease under such conditions, or to there being more favorable con- 
ditions for the activity of the fungus in loose soils, or to both of these fac- 
tors acting together. 

(2) Inoculum in the Soil. Very little is known about the distribution 
and concentration of take-all inoculum in the soil. Since, in a favorable 
year for take-all, a field in which the soil is poorly consolidated wUl prac- 
tically always suffer severely from the disease, the opinion seems to be cur- 
rent in Australia that the take-all fungus is present almost everywhere in 
the soil, awaiting only favorable conditions to become an active parasite. 
But, there are several facts that would be very difficult to explain on this 
hypothesis. Why should a few take-all patches show up early in the season 
and kill the plants in the seedling stage, whereas by far the greatest loss 
does not appear until after flowering? The plants that succumb to white- 
heads could scarcely have been growing in contact with Ophiohohcs grami- 
nis since seeding time, and yet no method of distribution of the fungus over 
large areas during the growing period of the crop has yet been suggested. 

The question of the amount of inoculum in the soil will be discussed in 
greater detail by one of us at a later date. No doubt there are circum- 
stances when take-all inoculum might be fairly generally distributed in a 
soil at seeding time. This might occur, for instance, if a grass paddock in 
which a considerable amount of barley grass was infected with take-all was 
plowed late, especially if the plowiag was followed by dry weather. But, 
the suggestion made here is that in most cases the soil of the fallows 
is' largely free from inoculum and that the positions where inoculum exists 
at seeding time are the comparatively few places where take-all patches 
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develop in tlie crop in the seedling stage. Whether these “primary 
patches” are due to aseospore infections or to pieces of infected stubble, 
remaining in the fallow or being blown onto it in summer, will not 
be further considered here. 

(3) Weather Previous to Bipening. It has been stated above that seri- 
ous epidemics of take-all occur only in years when showery weather lasts 
almost until the time of ripening of the crop. Conversely, when the spring 
is fine and dry, comparatively little take-all in the whitehead stage can be 
found. 

The relation between the amount of spring rain and take-all may be 
seen in table 1. The explanation now proposed' for this relation is that 
aseospores, maturing in perithecia on the dead plants in the primary take- 
all patches, are dispersed over the field in wet spring weather, giving rise 
to a scattered secondary infection, manifested in the development of white- 
heads. 

There are no doubt other factors than spring rainfall of which account 
must be taken. For instance, take-all was much more severe in 1932 than 
in 1930, although the amount of spring rain was actually somewhat less. 
A possible explanation may be advanced as follows : The late rains in 1930 
were no doubt favorable to infection of grass paddockS', as weU as crops, 
and many of these grass paddocks were plowed up for fallowing about 
August, 1931. The subsequent dry spring and summer would have al- 
lowed more of the fungus to survive as viable initial inoculum for the 1932 
patches. The rains in 1932 came early and led to earlier sowing of wheat; 
this may have given, by spring, an opportunity for the development of 
more perithecia than usual. When the spring of 1932 also happened to be 
wet everything was apparently favorable for the severe epidemic of take- 
all that actually occurred. 


TABLE 1. — The approximate severity of talce-all on poorly consolidated soils in the 
mallee wheat-growing districts of South Australia sirnce 19^1, together with the Septem- 
T) er-Oct oh er ramf all at Adelaide 


Year 

Sept.-Oet. 

rain 

Take-all 

Year 

Sept.-Oet. 

rain 

Take-all 

1921 

4.9 

Severe 

1927.... 

1.4 

Light 

1922 

3.3 

a 

1928............... 

4.2 

' a ^ ■ 

1923 

8.1 

Severe 

1929 

3.2 

Light 

1924 

5.5 

Severe 

1930............... 

5.4 

Fairly 

severe 

1925 

3.3 

, a- . " 

1931 

3.3 

light 

1926 

4.7 

' a 

1932 

4.3 

Severe 


a No definite reports available, but the disease could have been only light to moder- 
ate or it would have been definitely noted. 
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SPORE DISSEMINATION 

The method of ascospore discharge from the perithecia was discovered 
in the laboratory. Specimens of diseased wheat plants had been obtained 
from take-all patches in a crop of wheat some 5 ft. high, which was rapidly 
going off with whiteheads. There were only a few of these early diseased 
patches, bnt the plants in them had died when only about a foot high, and 
a number of perithecia were present on the bases of the cnlms. Small 
pieces of leaf sheath, containing perithecia, were cut out, laid on glass slides, 
and allowed to soak up drops of water until fully moistened. Clean cover 
glasses were suspended about a millimeter above them, resting on 2 matches. 
The preparations were kept under observation through a binocular micro- 
scope. 

Spore ejection commenced in most cases some 10 to 30 minutes after 
moistening. Directly above the protruding neck of each ripe peritheeium 
the spores were observed hitting the under surface of the cover glass in 
groups of 8 as each ascus was extruded and burst. The 8 spores hit the 
glass simultaneously and adhered to it. Single perithecia ejected asci at 
a rate of from 2 to 10 per minute, when in good condition, the rate gradu- 
ally slackening and ceasing entirely after an hour or 2. A piece of tissue 
about i-inch square with 6 perithecia on it ejected spores at the rate of con- 
siderably more than 100 per minute for over an hour. Fresh cover slips 
were put on every minute and were then placed in Petri dishes for the 
longevity tests described below. 

The same type of spore ejection was proved to occur in the field when 
perithecia-bearing culms were moistened with rain water. By holding a 
sticky glass plate behind them and gently blowing, it was also shown that 
the ascospores could be carried away in air currents as they were ejected. 

Since the asci in the perithecia of Ophioiolus graminis are not all ripe 
at once, it is probable that ascospore discharge takes place from the same 
perithecia on many successive occasions during a rainy spring. Spore ejec- 
tion has been obtained from small pieces of tissue in the laboratory on sev- 
eral successive days. 

Occasionally, perhaps when the perithecia are not fully moist, the 
forcible projection of the ascospores as the ascus comes to the mouth of the 
peritheeium fails to take place. There is then a gradual accumulation of 
asci at the ostiole, but nothing so marked as some of the coiled tendrils fig- 
ured by Waters (5) has been seen. 

LONOEVITY OF THE SPORES 

The longevity of the spores was tested by germinating them in bean 
decoction at 24° C. at intervals of 12 hours following their ejection from 
perithecia to sterile cover slips. In each experiment all of the spores used 
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cam© f I’oni tli6 sain© ^roHp of disdiarging p©ritli6cia. Tli© cover slips, each, 
■witli some 50 to 100 spores, were divided between 4 sterile Petri dishes. 
Two were kept at a temperature of 12° 0. and 2 at a temperature of 24° 
C. Of the 2 at each temperature 1 was dry, and the other had a piece of 
moist filter paper inside the lid. The results of 1 series of germination 
tests are given in table 2. There was some variation between different 
batches of material, but table 2 gives results typical of good material. 


TABLE 2,—M€S%dts of germination tests at IS-Jiour or daily intervals on ascospores 
of Ophiobolus graminis. The spores were ejected onto sterile cover slips and were Tcept 
at 2 diferent temperatures a/nd 2 different humidities 


Cover slips kept 
ia incubator at 





Time after ejection 




0 

12 

24 

36 

48 

60 

72 hours 

4 

5 

6 days 

24° C. dry 


+ 

+ 

4 . 

+ 

+ 


- 

- 


moist ......... 

+ 

+ 

+ 

+ 

+ 

+ 

■f 

4- 

4- 

+ 

12° C. dry 

•f 

+ 

■f 

+ 

+ 

+ 

4- 

4“ 


- 

moista 

4" 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

+ 

4* 


a Drops of moisture condensed on the cover glasses in the moist dishes at 12 ° C. after 
about 2 days, and a few of the spores germinated; these were excluded from the count 
when the germination test was done. 


The average air temperature in the field during rainy periods in spring 
would not he much above 12"^ C.; and, since the humidity would be high, 
the spores probably would be viable for several days under field conditions. 
This would give ample opportunity for wind dissemination and for infec- 
tion in a rain-sodden soil. 

DISCUSSION 

A number of points about the occurrence of take-all, hitherto very diffi- 
cult to explain, become much easier to understand if aerial dissemination 
of ascospores takes place. There is not only the occurrence of early and 
late infection but the fact that the former is always in patches and the lat- 
ter usually scattered ; the relation between spring rains and the develop- 
ment of serious epidemics of whiteheads ; the abundant infection that some- 
times occurs on fallowed paddocks; the appreciable infection occasionally 
recorded on new land, etc. 

With regard to the longevity of the spores in its relation to aerial dis- 
semination, our method of collecting naturally ejected ascospores by sus- 
pending cover glasses close to the necks of perithecia is a much preferable 
way of obtaining material for longevity tests than Kirby’s method of allow- 
ing spores in a drop of water to dry. A longevity of several days, for dry 
spores, seems a much more reasonable result than Kirby’s half-hour, and 
would give ample opportunity for the dissemination of the fungus over 
considerable distances in rainy weather. 
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Air-filtration experiments in tlie field, sneli as those carried out by Keitt 
and Jones (2) for Yenturia inaequalis, would probably lead to similar re- 
sults for the take-all fungus. That is, in fine weather few spores or none 
are likely to be found in the air, but soon after rain falls the spore concen- 
tration probably rises considerably. In the case of take-all, however, in- 
stead of the spores infecting the aerial parts of plants, as in apple scab, 
they are with little doubt soon carried down in the rain over the large areas 
of wheat fields and infect through the roots. Further studies of root infec- 
tion by ascospores will, therefore, be of much interest. 

The explanation here advanced for the development of epidemics of the 
whitehead stage of take-all certainly does not present a complete picture of 
the epidemiology of the disease. In the epidemic season of 1932, in the 
same district in which could be found instances of severe crop losses most 
readily explainable on the above hypothesis, there were also to be found 
cases where primary take-all patches had appeared in crops and no sec- 
ondary spread had occurred. This may have been due, however, to the fact 
that perithecia did not mature early enough on the different varieties of 
wheat involved, or to a difference in soil character, which rendered the 
wheat plants nonsusceptible at the time of ascospore discharge, or most 
probably to soil conditions unfavorable to infection by ascospores. Cases 
also were seen of a moderate (perhaps 5%) scattered whitehead infection 
through crops that could not be definitely traced to any particular primary 
patches. Diseased barley grass, bearing perithecia, was, however, found in 
the vicinity, and, although the infections did not seem to be markedly more 
numerous near the barley grass, this offers a possible explanation. There 
is no doubt that the field occurrence of take-all is infiuenced by many inter- 
acting factors (soil, climatic, and biological) and that much more informa- 
tion is needed concerning all of them. 

Finally, with regard to the bearing of these facts on practice, some fresh 
problems are raised. Would the digging under of the early take-all patches 
be an effective control measure against the extensive whitehead infection 
that develops on certain soils in wet springs? At present all the emphasis 
is laid on elimination of the source of infection (apparently considered as 
extensively distributed in the soil) by means of crop rotation, combined 
with thorough consolidation of the soil. Both these methods are of the 
greatest practical value, and it is desirable that primary emphasis should 
continue to be laid on them. But, in a favorable season for take-all, there 
are often heavy losses from the disease on land that has been reasonably 
well-fallowed. And there are also light sandy soils, in the mallee districts 
of Australia that cannot yet be properly consolidated by any treatment. 
Under these circumstances it would appear well worth while to test the 
third possibility of control, namely, destroying the plants in the primary 
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take-all patches to prevent the formation of perithecia on the dead plants, 
and thus eliminate what now appears to be the most likely source of sec- 
ondary infection. This method, of course, would be impracticable where 
primary infection was widespread. 

There is one fact that might render such action much less efficacious 
than would appear at first sight and that is that much of the barley grass, 
naturally present along the fences and in pasture paddocks, is often in- 
fected with take-all. It is possible that these plants may provide a source 
of ascospores for wind dissemination. At present the evidence would sug- 
gest that if they do so it is only to a very limited degree compared with the 
wheat plants in the primary take-all patches in the crop ; but an answer to 
these and other problems will have to await further work in the field. 

SUMMARY 

It is shown that moistened perithecia of Ophioholus gramims eject asco- 
spores into the air. The rate of discharge may attain several hundred 
spores per minute from a single diseased wheat culm. The ascospores may 
be carried by the wind, and their longevity is in the neighborhood of from 
3 to 4 days under dry conditions, and as much as a week under moist con- 
ditions, at a temperature of 12° 0. 

The greatest loss from take-all in South Australia occurs in the white- 
head stage and in seasons when showery weather lasts almost until the crop 
is in head. In crops rapidly going off with a scattered whitehead infection, 
early diseased take-all patches were always found in which the plants had 
died before flowering and on which perithecia were present. Taken in con- 
junction with the method of ascospore discharge described above, this sug- 
gests that epidemics of whiteheads may result from wind-disseminated 
ascospores. 

Waite Agricultural Kesearch Institute^ 

University of Adelaide, 

South Australia. 
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WEAK BOEDEAUX SPEAY IN THE CONTEOL OF PIEE 
bmGHZOF applet 

Monroe McCown^ 

(Accepted for publication, Oct. 10, 1932) 

Spraying tests for the control of blossom blight of apples and pears, 
caused by Bacillus amylovorus (Bnrrill) Trevisan, have been conducted in 
Indiana orchards for the past 6 seasons. The results of earlier tests, ^ 
showed practical control of the disease by the application of a weak Bor- 
deaux (1-3-50) spray when the blossoms were entering the full-bloom 
stage. It is the purpose of this paper to present further evidence of the 
value of Bordeaux in fire-blight control obtained through tests conducted 
during the past 3 years. 

THE EFFECT OF A FULL-BLOOM BORDEAUX SPRAY ON BLOSSOM INFECTION 
IN INOCULATED GRIMES CLUSTERS 

On May 2, 1931, 400 clusters of blossoms on a Grimes apple tree in full 
bloom in the University orchard at La Payette were sprayed once with 
Bordeaux 1-3-50 (1 lb. CUSO4, 3 lbs. hydrated lime, 50 gals, water). The 
spray was applied by means of a small atomizer. All unopened blossoms 
were either opened and sprayed or removed, and the wounds thoroughly 
covered with the Bordeaux spray, to prevent subsequent opening of unpro- 
tected blossoms between the time of spraying and the later inoculations. 
Immediately following the application of the Bordeaux, 100 of the sprayed 
clusters were inoculated by means of an atomizer containing a cloudy sus- 
pension of the fire-blight bacteria in distilled water. Like numbers were 
inoculated in the same manner each day during the 3 succeeding days or 
approximately 24, 48, and 72 hours after spraying. Each day 50 unsprayed 
blossom clusters were inoculated as cheeks. The inoculations were made 
between 10 : 00 a. m. and 3 : 00 p. m. each day. The maximum temperatures 
recorded by the United States Weather Bureau for May 2, 3, 4, and 5 were 
68, 65, 76, and 77 degrees, respectively. No precipitation occurred during 

1 Contribution from the Division of Horticulture, Purdue University Agricultural 
Extension Service, La Payette, Indiana. 

2 Tbe writer is indebted to Dr. Max W. Gardner of tbe Division of Plant Patbology, 
University of California, Berkeley, California, former Chief in Botany, Purdue Univer- 
sity Agricultural Experiment Station, La Payette, Indiana, for valuable advice and 
suggestions during the progress of the work. 

3 McCown, Monroe. Spraying for the control of fire blight in the apple. Trans. 

Ind. Hort. Soc. '67: 129-133. 1928. 

4 McCown, Monroe. Bordeaux spray in the control of fire blight of apple. Phyto- 

path. 19: 285-293. 1929. 
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this period, some rain fell each day from May 6 to May 13 inclusive, 
totaling 1*1^ 

The test was repeated in 1932, the technique heing the same as that em- 
in 19^2, except that the spraying was done with a small hand sprayer 
of one quart capacity. All of the blossom clusters on several large branches 
in two Griuies trees in the University orchard were sprayed May 5, when 
the clusters were just opening into full bloom. All clusters on one branch 
were inoculated immediately after spraying by means of an atomizer con- 
taining a cloudy suspension of the fire-blight bacteria in distilled water. 
The clusters on other branches were similarly inoculated 24 and 48 hours 
after they sprayed. Each day the clusters on unsprayed branches 
were inoculated as checks. The inoculations were made between 10: 00 
a m and 3 P* ui. and the maximum temperatures reported for May 5, 

6 and 7 were 82, 82, and 77 degrees, respectively. A precipitation of 0.18 
inch was recorded on May 4. There was no rainfall May 5 or 6, but 0.82, 
0 51 and 0.33 inches of rain fell May 7, 8, and 9 respectively, followed by 
very light precipitation on May 10, 11, 12, 14, 15, 16, and 17. 

During ^loth seasons, records were taken at frequent intervals in order 
to differentiate between two types of infection : primary, in which the bac- 
teria had entered presumably through the nectary ; and secondary, in which 
the bacteria had entered the base of the pedicel from the spur. 

The results, recorded in table 1, show that the Bordeaux was very effec- 
tive in the prevention of fire-blight infection in blossoms inoculated, both 
immediately after spraying and 24 hours later. In 1931, while all the 
check clusters were infected, only 48 per cent of the sprayed clusters inocu- 
lated immediately after spraying and 50 per cent of those inoculated 24 
hours later blighted. Although 57 per cent of the untreated clusters, in- 
oculated May 5, 1932, were infected only 10 per cent of the sprayed clusters, 
inoculated on the same day immediately after spraying, blighted. Since 
less than 5 por cent of either sprayed or check clusters inoculated at the 
48- and 72-hGur periods in 1931 and 24- and 48-hour periods in 1932 
blighted, no records of infection in these clusters were kept. The control 
obtained in 1931 and 1932, reported in table 1, corroborates the results of 
the inoculation tests in 1927. 

The poorer control obtained in 1927 in clusters inoculated 24 and 48 
hours after spraying was, at that time, attributed to the fact that there 
was an average of one unopened blossom in each cluster at the time the 
Bordeaux was applied. The results obtained in 1931, ^.e., equal control in 
clusters inoculated immediately after spraying and 24 hours later, follow- 
ing the elimination of this factor, tend to prove this suspicion correct. 

A comparison of the average number of primary infections per cluster 
shows an greater germicidal action by the Bordeaux than is reflected 
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TABLE 1.— Inoculation tests. Effect of Bordeaux mixtv/re l-S-SO applied as a 
fulhlfloom spray upon fire-'blig'ht infection in inoculated Grimes apple /blossoms 


Year 

Time 

of 

inoculation 

Spray 

treatment 

Number of 
clusters 
inoculated 

Average no. 
of primary 
infections 
per cluster 

Percentage 
of clusters 
infected 

1931 

May 2, immedi- 
ately after 

Bordeaux 1-3-50 

93 

0.73 

48 


spraying 

none (check) 

50 

3.52 

100 


May 3, 24 

hours after 

Bordeaux 1-3-50 

79 

0.78 

50 


spraying 

none (check) 

50 

2.88 

100 

1932 

May 5, immedi- 
ately after 

Bordeaux 1-3-50 

193 

0.15 

10 


spraying 

none (check) 

159 

1.15 

57 


in the comparison of blighted clusters. In 1927 there was an average of 
0.08, 1.08, and 1.25 primary infections per cluster respectively in the 
sprayed clusters inoculated immediately after spraying, 24 and 48 hours 
later. The check clusters for these same days yielded 1.46, 2.24, and 1.88 
primary infections per cluster. Records for 1931 show an average of 0.73 
and 0.78 primary infections per cluster in the sprayed clusters and 3.52 
and 2.88 primary infections per cluster in the check clusters inoculated May 
2 and 3. In 1932, there was an average of only 0.15 primary infections 
per cluster in the sprayed clusters and 1.15 in the nontreated clusters, 

THE EFFECT OF AN EARLY FULL-BLOOM BORLEAUX SPRAT UPON NATURAL 
BLOSSOM INFECTION IN JONATHAN APPLE CLUSTERS 

A block of Jonathan apple trees in the orchard of the Simpson Orchard 
Company,^ near Vincennes, Indiana, was sprayed with Bordeaux 1--3-50 
from one side when opening into full-bloom in 1930. A little more than 
one-half of each tree was thoroughly covered with the spray, and since the 
application was made with high pressure to well pruned trees of medium 
size, some of the spray material was forced through the trees and may have 
provided partial protection to some clusters considered as unsprayed. A 
row of ten representative trees was selected for records. Unsprayed and 
treated branches, totaling approximately the same area, on each tree were 
then selected and the number of infected clusters was counted on each. 

5 The writer wishes to acknowledge the cooperation of the Simpson Orchard Com- 
pany for the application of the spray; and of Leslie Pierce of the UT. S. Bureau of Plant 
Industry, Vincennes, who assisted in obtaining the data on this test. 
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The total area represented by the branches selected for records of each 
treatment approximated one-fifth of the total area of each tree. 

The results show that the weak Bordeaux spray was very effective in 
the control of the disease on these 10 trees. While there was an average 
of 119 infected clusters on the untreated branches in each tree, the sprayed 
branches yielded an average of only 39 blighted clusters, resulting in a 
reduction of 67 per cent in the number of infected clusters as a result of 
the spray. 

These results are in line with the control obtained in 1928 in Jonathan 
apples and Seckel pears following full-bloom applications of l~3-50 Bor- 
deaux. The number of infected clusters was reduced 79 and 52 per cent 
in Jonathan apple and 98 per cent in Seckel pear by the Bordeaux treat- 
ment in 1928. 

The results obtained in these field tests and in laboratory studies pre- 
viously reported,® in which Bordeaux apparently killed the bacteria, indi- 
cate that the Bordeaux spray provides protection to the blossoms through 
its germicidal action upon the bacteria after they are deposited in the blos- 
som or upon other tissues protected by the spray. 

No russetting of the fruit or reduction in the set of fruit has been 
observed in any of the above tests. In addition, the writer has observed 
the fruit in various commercial orchards in Indiana which had received a 
full-bloom application of Bordeaux 1-3-50 and in no case has noticeable 
injury resulted from the weak Bordeaux spray. No arsenate of lead has 
been added to the full-bloom sprays used in these tests. 

The fact that an early full-bloom spray of Bordeaux 1-3-50 has given 
practical control of blossom inf ection by fire blight without apparent injury 
to either fruit or foliage and may, in some seasons, also prove valuable in 
the control of apple scab,^’ ® warrants the use of this spray on blight-sus- 
ceptible varieties in Indiana orchards. 

SUMMARY 

Bordeaux 1-3-50 applied early in the full-bloom period reduced fire- 
blight infection in Grimes blossom clusters inoculated immediately after 
spraying and 24 hours after treatment In 1931, while all the inoculated 
check clusters became infected, only 48 per cent of the sprayed clusters 
inoculated immediately after spraying and 50 per cent of those inoculated 

6 Log, cit. See footnote 4. 

7 Burkholder, C. L. Dusting vs, spraying of apples, 1927-1931. Agr. Exp. Sta. 
Bui. 856. 1931. 

8 Dutton, W. C. Spraying materials and the control of apple scab. Michigan Agr. 
Exp. Sta. Spec. Bui. 203. 1930. 
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24 hours after treatment blighted. In 1932, while 57 per cent of the un- 
treated check clusters blighted, only 10 per cent of the sprayed clusters 
developed infection. Natural infection in Jonathan clusters in 1930 was 
reduced 67 per cent by one spray of Bordeaux 1-3-50 applied as the trees 
were entering the full-bloom period. No apparent injury to fruit or foliage 
has occurred in these tests following the use of a weak Bordeaux. No 
reduction in set of fruit has been observed. 

Purdue University Agricultural Extension, 

Lafayette, Indiana. 



OBSBBYATIONS AND NOTES ON CITRUS DISEASES 
IN MINAS GBEAES, BRAZIL 
Albert S. Mxjller 
(Accepted for publication, Oct. 4, 1932) 

The citrus industry of Minas Geraes, Brazil, is still in its infancy com- 
mercially. In most cases the older farm house plantings are closely spaced 
and usually show very poor growth conditions, probably because of lack 
of care. Large commercial orchards are as yet nonexistent in this Pro- 
Tince. A considerable amount of experimental plantings of various citrus 
varieties have been started at the Agricultural College (Bscola Superior 
de Agricultura) opened in 1927. These experimental trees are, therefore, 
not very old. 

trunk and root diseases 

In many closely spaced farmyard plantings of sweet orange, a gum dis- 
ease resembling mal di gomma is prevalent. This is probably the most 
important trunk and root disease. This same malady became so serious 
in a row of 5-year-old seedling grapefruit trees that they had to be removed. 

At the Agricultural College, citrus seedlings have been seriously affected 
with a similar gum disease at the base. Two blocks of Rangpur lime, one 
of 600 one-year-old seedlings, and the other of 1,000, each showed infections 
of 31 per cent and 19 per cent, respectively. In 1931 and 1932 5 different 
stocks, 300 seedlings each, were affected as follows : 


Percentage affected with gum disease 





1931 

1932 

Rough, lemon 



29 

23 

Rangpur lime ...... 



26 

19 

Sweet orange 



26 

19 

Shaddock 

Sour orange 


— 

17 

19 

11 

6 






In culture tests from 100 seedlings a Phytophthora fungus, probably 
Phytophihora parasitica, was obtained in a number of cases; and also 
Pusarium and a yellow bacterium. The last 2 organisms were probably 
secondary, but the pathogenicity of each is being tested. 

A root rot has been observed in several localities on tangerine trees with 
lesions on the upper exposed or nearly exposed roots, with extension of the 
infection into the base of the trunk. A species of Pusarium has been found 
spreading as a thin, whitish superficial web over the infected area. In the 

734 ' 
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cracks of infected bark, abundant peritkecia of a Neetria species also were 
found. Infected bark of roots sbreds off easily. Tbe symptoms at tke 
base of tbe trunk are not unlike common foot-root symptoms, but without 
gum. Tbe pathogenicity of the 2 organisms is unknown. Tbe disease has 
been seen on nothing but native tangerines. It may be a form of dry 
root rot. 

Damping-off of seed-bed plants also was troublesome during 2 successive 
years in Vicosa. Eangpur lime and Bough lemon were the varieties at- 
tacked, and the microorganisms associated were found to be species of 
Pusarium and Phytophthora. The loss during the first year was calculated 
at 15 per cent and in the second year 5 per cent. No damping-off appeared 
during the third year. The disease is apparently common in a great many 
crops here and cannot be disregarded in connection with seed bed work 
under the conditions that prevail. 

DISEASES OF LEAVES, TWIGS, AND FRUIT 

Seal ). — This can be considered a major disease here. Moderate to heavy 
infection has been found on the following varieties : Genoa lemon, Bough 
lemon. Sweet lemon. King tangerine. West Indian lime, Eangpur lime, and 
the Bitter Sweet. In the case of the last two, 100 per cent infection of the 
plants has been observed in nursery rows. In the case of the Eangpur, no 
mature tree has yet been seen that is not severely scabbed on foliage, twig, 
and fruit. Grapefruit and Sweet orange have not been found affected with 
scab in Vicosa, but the latter, in the neighboring State of Sao Paulo, is sub- 
ject to the disease. 

Melanose . — This disease has been seen mostly in old, closely planted 
patches of seedling orange trees, on the fruit and on the foliage. In the 
college planting of the ‘‘Marfim^^ lemon it has been especially noticeable, 
occurring on fruit, foliage, and twigs. On dead twigs in the interior of the 
trees, pycnidia of the Phomopsis stage have been encountered. Though 
Phomopsis is considered one of the chief causes of decay of exported Brazil- 
ian fruit, no observations have yet been made as to the importance of this 
phase of the disease here in the interior. 

Anthracnose . — This disease, like scab, seems to be present in Minas 
throughout the year, Bmng found on young twigs and new foliage, in seed 
beds and in the nursery row, buds, and flowers, young and mature fruits, 
on mature foliage, but never as a disease resulting in severe losses. Seed- 
bed infection has reached 5 per cent, while on budded nursery stock, the 
maximum loss is 10 per cent. The varieties on which a Colletotrichum 
infection has been found are: grapefruit, shaddock, Eangpur lime. Sweet 
orange, and particularly Sweet lemon and Genoa lemon. Dying of large 
areas on leaves, from the tip or spreading from the margin, has been found, 
especially on Sweet lemons with which is constantly associated the anthrac- 
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nose organism, Colletotrichum gloeosporioides. The disease has never been 
found causing infection of more than a small percentage of the leaves on the 
trees. Without doubt there exists here more than one strain of Golleto- 
trichum, since, in cultures, there have appeared distinct forms of G. gloeo- 
sporioides. No severe eases of dying back have been seen. The disease can 
be considered as of minor importance, except under special conditions favor- 
ing its development. Anthracnose rot of fruits of the lemon and orange 
and tangerine has been encountered every year, but it is of minor impor- 
tance. 

Felt.—WheYeYeT trees are planted excessively close together it is com- 
mon to find a brownish white, felt-like fungus living as thick covering over 
a scale insect on leaves, twigs, or fruits. No direct serious damage seems 
to be sustained. The felt seems to be very troublesome to remove from the 
peduncle end of the fruit during packing operations. Dr. Eugenio Rangel 
has determined this to be Septol)asidium alhidum Pat. and uses the same 
name for another felty fungus that is of an entirely different color and 
consistency, which may live unassociated with scale. The latter must be a 
distinct speeies. It forms thin, brownish red plates, the center often 
densely webby. It commonly ties 2 or more adjacent leaves together and 
is found on twigs and fruits as well as foliage. Like the former it is 
troublesome to remove from fruit. It is of minor importance. 

LEAF DISEASES 

Leaf-spotting has been found on old, neglected orange trees with which 
a fungus of the genus Phyllosticta has been associated. No apparent 
serious damage to the trees has been observed. Dr. A. Sacca has reported 
P. hesperidearum as causing leaf -spotting in Sao Paulo and the fungus 
found here resembles this. 

Spotting of leaves of seedling grapefruit trees at Vicosa accompanied 
by dropping of the affected leaves is often found. Young, as well as 
mature, foliage is attacked, the leaves yellowing as the spots enlarge or 
coalesce. The organism associated has been identified by A. Puttemans 
as Ascoohyta citri Penz. The disease is of minor importance. 

Algal leaf -spot is sometimes encountered on mature foliage. The or- 
ganism resembles the common Cephaleurm my coidea. The damage is 
inconsequential. Defoliation has never been seen. 

Sooty mold is frequently found here accompanying scale insects. Curl- 
ing of heavily coated leaves has been observed in nursery rows, this stage 
really occasioning some damage. 

Blach Melanose is common in nursery rows under poor growth condi- 
tions, but there seems to be no evidence of damage other than the yellowing 
of the leaves attacked, and this may be due to something else. 
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ERUIT ROTS 

Blue and Green Mold. — of the common, species of Penieillinm, 
P. digifatum and P. iialieum^ are to be found throughout the citrus fruit 
season here, present on oranges, limes, lemons, grapefruits, citrons, and 
tangerines. Judging from the nearly complete local lack of understanding 
of the necessity of care and method during the processes of picking and 
handling the fruit, the losses due to these fungi could he very high only 
where Minas fruits entered in commercial channels. 

Sour Bot. — ^Perhaps equally as common as the PenicilUum spp. has been 
a species of Gospora, which seems to be identical with 0. citri-aurantii 
during the 4 crops so far observed. Bruised, especially fallen, fruit rap- 
idly becomes a watery disagreeable-smelling decayed mass on exposure to 
the fungus. The organism is frequently encountered producing decay of 
numerous fruits still on the tree, but in all cases the fruits show positive 
evidence of previous injury, generally in the form of insect puncture. 
Artificial inoculations have shown that the fungus produces rapid decay 
under our conditions. 

Aspergillus Bot. — -Eot produced by A. niger has been observed on 
bruised and fallen fruits during 2 crops, but not so often as decay occa- 
sioned by the already mentioned organisms. It would probably be only a 
minor cause of fruit rot in transit. 

Alternaria Bot. — Decay of satsumas and sweet lemons by an Alternaria 
species has been observed in one crop season involving only a small amount 
of fruit. 

Pusarium Bot. — ^Decay of mature limes, principally at the button end, 
by a Fusarium species also has been observed during the last crop, the 
percentage of infection being small. In most cases the decaying fruits lay 
on the ground under the trees, although some fruits with small circular 
brownish lesions at the stem end were still attached, falling readily when 
touched. 

ENTOMOGENOUS FUNGI 

There seem to be 5 equally common fungi parasitic on scale insects of 
citrus in this region. They may be found throughout the entire year and 
, are important factors in the control of these insects. Vera K. Charles has 
courteously given the following identifications for them: Gephalosporium 
lecanii Zimm., Tuhercularia cocoieola Stev., Myrutngium duriaei Mont., 
Podonectria sp., and Microcera sp. 

Escola Superior de Agbicultura/ 

■ VicosA, Minas Geraes, Brazil. ' 



TEANSMISSION OF THE CRINKLE DISEASE OP STRAWBERRY^ 


B . K. Vaughan 
(A ccepted for publication, Oet. 15, 1932) 

The crinkle disease o£ strawberry was recently described by S. M. Zeller 
and the writer.^ It was then stated that the disease has the general appear- 
ance and behavior of a virosis, being apparently systemic, since runner 
plants from a diseased parent show disease symptoms and those from a 
healthy parent appear normal. During the winter of 1931-32 experiments 
were carried on in the greenhouse to determine the infectious nature of the 
disease and possible means of transmission. 

The strawberry leaf aphid, fragaefolii Cockerell, has previously 

been shown to transmit yellows® and witches’ broom,^ and it was thought 
the same aphid might also serve in the transmission of the crinkle disease. 
These aphids accordingly were colonized on 3 strawberry plants of the 
Marshall variety. All 3 plants (designated as A, B, and C) were green- 
house-grown and showed distinct symptoms of the disease. Twenty aphids 
were then transferred to each of 5 healthy plants of the same variety, 
records being kept of the plant from which they were taken. They were 
allowed to feed here for one week and then removed. The results of these 
transfers are shown in table 1. 


TABLE 1 . — Mesults of transmission l)y the strawberry leaf aphid, My sus fragaefolU 


Plant from which aphids were transferred 

A 

B 

C 

Total 

Number of plants to which aphids were trans- 
ferred 

19 

23 

8 

50 

Number of plants which developed symptoms 
of crinkle 

15 

20 

7 

42 

Percentage of plants which developed symptoms 
of crinkle 

78.94a 

86.95a 

87.50 

84.00 

Number of plants on which symptoms of crinkle 
later disappeared 

lla 

lla 

1 

23 

Percentage of plants on which symptoms of 
crinkle later disappeared 

73.33 

55.00 

14*28 

54.76 


a One plant died after showing symptoms of crinkle. 


1 Published as Technical Paper ISTo. 191 with the approval of the Director of the 
Oregon Agricultural Experiment Station. Contribution from the Department of Botany. 

A resume of a thesis presented in partial fulfillment of the requirements for the 
master's degree from the Oregon State Agricultural College. 

2 Zeller, S. M., and E. K. Vaughan, Crinkle disease of strawberry. Phytopath. 22 : 
709-713. 1932. 

3 Plakidas, A. G. Strawberry xanthosis (yellows), a new insect-borne disease. Jour. 
Agr. Bes. 35: 1057-1090. 1927. 

4 Zeller-y-'S. M. Preliminary studies on witches' broom of strawberry. Phytopath. 
17: 329-335. 1927. 
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It is of interest tliat in 23 of the plants more or less marked symptoms 
appeared and later disappeared so as to make diagnosis practically impos- 
sible, while in 17 plants typical symptoms have persisted. (Pignre 1.) No 
investigation has yet been carried on to explain this disappearance of symp- 
toms, nor have these plants, without apparent symptoms, been tested as 
carriers of the virus. 



Fia. 1. Marshall strawberry plants of the same age. A. Plant to which crinkle 
has been transmitted through Myzus fragaefoM, B. Healthy plant. 


Nonviruliferous aphids also were transferred to healthy plants. These 
virus-free aphids were obtained by placing adult, agamic female aphids in 
Petri dishes without food material. Here they were observed at intervals 
of a few hours until a few young were obtained, which, having had no 
opportunity to feed were supposedly free of virus contamination. After 
being allowed to colonize and multiply on a healthy Marshall plant for 
several weeks, 20 of these aphids were transferred to each of 10 other 
healthy Marshall plants and allowed to feed for one week. None of these 
plants showed any symptoms of crinkle after 28 weeks. 

Plants of the Ettersburg No. 121 variety, which showed much less pro- 
nounced symptoms than the variety Marshall, were thought to have the 
crinkle disease. Nonviruliferous aphids were colonized for 14: days on a 
plant of Ettersburg No. 121 having these less marked symptoms. Twenty 
aphids from the plant were then transferred to each of 10 healthy Marshall 
plants, where they were allowed to feed for a week. Five of the 10 Mar- 
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sliall plants developed erinldej in eacli case only the ' 'pin-point’ ' chlorotic 
areas described in a previous paper^ have thus far appeared. 

The above experiments have a 4-fold significance: they show, first, 
that Myztts fragaefoUi does not produce crinkle directly, but that the 
viruliferous aphids may act as vectors for the transmission of the infective 
principle; second, that the infective principle of the crinkle disease of 
strawberry does not pass from the adult aphids to the young, the first in- 
stars; third, that crinkle may be transmitted from one variety to another; 

from Bttersburg No. 121 to Marshall; and fourth, that after the first 
shock from the virus some plants may apparently recover. 

Since it is not always possible to detect the symptoms of crinkle in young 
plants, one could not state definitely that all of the plants used were en- 
tirely free of crinkle before having the aphids transferred to them. How- 
ever, all of them were carefully selected, and as far as could be detected 
were entirely free of the disease. Of 104 selected Marshall plants obtained 
in December, 1931, not one has developed crinkle during 34 weeks, unless it 
was inoculated, while of 24 from this same selection used in the above ex- 
periments with viruliferous aphids 14 developed the disease. 

No attempts were made to transmit the crinkle disease by means of other 
insects. Myzus persicm Sulzer and an aphid from tobacco were not suc- 
cessfully colonized on strawberry, and the strawberry-root louse. Aphis 
forbesi Weed, was not induced to reproduce during the winter. Mechanical 
transmission by means of (1) graftage, (2) pricking through diseased leaves 
into healthy ones, (3) leaf mutilation, and (4) use of extracts from diseased 
leaves proved unsuccessful. 

These experiments w^ere carried on under the direction of Dr. S. M. 
Zeller, Plant Pathologist, Oregon Experiment Station, whose advice and 
assistance are sincerely appreciated. 

^ SUMMARY 

In this paper are given results of experiments that indicate (1) Crinkle 
disease of strawberry is caused by a virus, which may be transmitted by 
the strawberry leaf aphid, fragaefoUi. (2) The infective principle 

does not pass from the adult aphids to the first instars. (3) The disease 
can be transmitted by aphids from the Ettersburg No. 121 to the Marshall 
variety. (4) Some plants may recover after the first shock of inoculation. 
No infection was obtained by such mechanical inoculations as graftage, by 
leaf mutilation, or by the use of extracts from diseased leaves. 

5 Zeller and Yauglian, loc. cvt. 



OCCUERENCE OF WATEEMELON MOSAIC 

M . jsr . "W A L K E E 
(Accepted for publication, Sept. 28j 1932) 

The natural occurrence of watermelon mosaic was observed early in 
April, 1932, in Polk County, Florida, near Port Meade, by the County 
Agent, P. L. Holland. At that time only 2 or 3 diseased plants were 
observed in each of 2 fields approximately | mile apart. On April 27, when 
the writer first inspected these fields, from 20 to 26 affected plants were 
found in each of several areas along the edges of the fields. Because of 
the variation in the stages of development pf the disease as between plants,, 
it appeared that only 1 or 2 early infected plants in each case had served, 
as the source for secondary infection,. The plants outside of these infected 
areas were in good condition, the vines being nearly full-grown and bearing 
melons weighing about 15 pounds each. 

The diseased vines were very conspicuous because the tips of the runners 
and a proliferation of shoots from around the crowns protruded stiffly 
above the general level of the vines, giving what was described by the 
grower as a ‘^petunia-like ’’ appearance. These tips and shoots showed a 
shortening of the internodes, resulting in crowding of the young leaves, 
which appeared somewhat stunted and more rolled than normal. Some 
mottling was evident on these leaves, the mottling being of a diffuse type, 
consisting of irregular yellow areas only slightly lighter in color than the 
normal light green of the young leaves. On some plants these young leaves 
showed extreme malformation, being reduced in a few cases to almost 
nothing more than the mid-rib. Older leaves showed a more conspicuous 
mottling in which dark green raised areas appeared, but the mottling was 
less characteristic than the severe malformation that occurred on many of 
the leaves (Fig. 1) . 

In addition to the crowding of the young leaves on the tips there was 
also a crowding of fiowers and flower buds. Some flowers on the more 
severely infected plants showed abnormalities of the petals and floral parts, 
such as unequal lengths and a greenish east of the petals. The stamens 
and stigmas were distorted and unequally developed in a few cases. 
Necrosis and shedding of blossoms occurred before the flowers matured. 
No melons were set on such plants and the growth and spread of the vines 
were no more than half of normal vines or vines recently infected. Melons 
were found on some plants of the latter type, but in most cases they were 
disfigured by a pronounced mottling of slightly raised, dark green areas. 
The most pronounced mottling occurred on melons of considerable size 
' ■ . ■■ 741 . 
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Fig. 1. Leaves from mosaic watermelon plants showing different degrees of mottling 
and malformation. 


(Pig. 2), altliongh. small melons were mottled and often malformed. Some 
of the malformed melons showed pale depressed areas, resembling somewhat 
the pale areas on the leaves which appear drawn and hard from the con- 
centration of veins. Small blotches of a somewhat paler green than those 
on other parts of the melon appeared in these areas. 

"When the fields were inspected a week later, the petunia-like character 
was less conspicuous, possibly because of the extremely dry weather obtain- 
ing at the time. There was some evidence of further spread of the disease, 
however, and infected plants were found scattered over a 30-acre field, 
which showed the worst early infection. This field showed an average of 1 
per cent infected plants, most of which were concentrated in 4 areas in 
different parts of the field. Comparatively few melons were found in these 
areas and most of them were disfigured. Another field of 70 acres showed 
one badly diseased area with an occasional infected plant near-by. These 2 
fields had survived the cold of early March, and were further advanced than 
a third near-by field of about 15 acres that was planted after the cold spell. 
A single diseased plant was found in the latter. Another field of about 30 
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Fig. 2. Half -grown melon showing severe disfiguration as a result of mosaic in- 
fection. 


acres, 3 miles from the other 3 fields, showed an area that contained about 
20 definitely mosaic plants and a few others that were probably infected 
with mosaic, although they showed nothing more than a general yellowing. 
All 4 fields were planted to the Tom Watson variety of melons. 

The agency of transmission has not been determined but there was an 
unusually heavy infestation of aphids, Aphis gossypi% in the state during 
the spring, and opportunities for the spread of mosaic by this insect were 
abundant. A close survey was made of the immediate vicinity of the field 
showing the greatest number of mosaic plants and no diseased wild plants 
were found, but 4 species of plants that might serve as wild hosts were 
found abundantly in and around the diseased field. These plants were 2 
species of Physalis: P. ciliosaj a perennial, and P. angulata, an annual ; one 
species of Phytolacca, P. rigida; and an unidentified species of Asclepias. 
No cultivated crops other than sweet potatoes had been grown in the vicinity 
of these fields during the preceding year. 

This discovery of watermelon mosaic in the field was surprising since 
no reports have been found in literature on the natural occurrence of water- 
melon mosaic. One of the oldest growers in Polk County stated that he 
had seen nothing of similar nature during his 25 years ^ experience as a 
watermelon grower in that vicinity. Furthermore, only 3 reports have 
been found on the successful transmission of mosaic to watermelon plants, 
dagger reported^ the infection of 2 watermelon plants of the variety Cole's 

1 Jagger, I. C. Experiments with cueumber mosaic. Phytopath. 6: 148-151. 1916. 
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Early with a virus from cucumber plants. Porter described^ a mosaic dis- 
ease of cucumbers caused by cucumber Virus 2 which he successfully trans- 
mitted to several varieties of watermelons. Porter and Melhus reported® 
the Fi generation of certain watermelon-citron crosses to be highly sus- 
ceptible to mosaic. 

It is possible that this occurrence of watermelon mosaic^ was the result 
of an unusual combination of certain factors which may not be properly 
combined again for several years. However, since the disease showed such 
potentialities for injury, a close watch should be kept for its recurrence. 

Florida Agricultural Experiment Station^ 

Gainesville, Florida. 

2 Porter, B. H. The reaction of cucumbers to types of mosaic. Iowa State CoU. 
Jour. Sci. 6: 95-129. 1931. 

3 Porter, D. B., and I. E. Melhus. The pathogenicity of Fusarium niveum (E F B.) 
and the development of wilt resistant strains of Citrullus vulgaris (Schrad). Iowa Agr. 
Exp. Sta. Bes. Bui. 149. 1932. 

4 No report of the occurrence of this disease has been received during the 1933 
season. 




PHYTOPATHOLOGICAL NOTE 


Humus Extract Agar favoralle for Oospore Production in Pythium — 
The frequent absence of the sexual stage on ordinary culture media is a 
widely recognized handicap in identification of certain species of Pythium. 
Working with a collection of P. arrhenomanes Drechsler, from root rot of 
sugarcane, the writers tested a large number of ordinary and special labo- 
ratory media with, in some eases, variation in temperature and pH, as well 
as the effect of mixing with bacteria and molds. Never more than 24 per 
cent of the strains produced oospores. The latter, when present, were 
usually more abundant and normal in appearance bn the grated carrot agar 
suggested by Miss Johann.^ This was especially noticeable in the culture 
of P. arrhenomanes studied by her and used also in these tests. 

What seemed to be oospores of one of the recalcitrant strains had been 
observed in infected cane roots in an advanced stage of decay. Therefore, 
soil and humus extracts (so-called humic acid) were added to the carrot 
medium. Transfers to this have resulted in the development of normal 
oospores by 95 per cent of the isolates, making possible their definite identi- 
fication. Although a given culture has not fruited every time, it always 
has upon one or more replatings. 

The humic acid used largely by the writers was extracted from a local 
woodland soil according to the method described by Burk, Lineweaver and 
Horner.^ Satisfactory sporulation, however, has been obtained in the pres- 
ence of humus extracts from two other widely different sources, viz,, from a 
fertile garden soil and from decomposed filter-press cake, a 50 per cent 
organic residue from the clarification of sugarcane juice. The humic acid 
at the rate of 50 p.p.m. (organic content) is added to cornmeal agar, which 
is then tubed and the grated carrot added to each tube before autoclaving, 
as suggested by Johann. Carrot or other vegetable tissue is usually essen- 
tial. Synthetic humic acids prepared from dextrose with and without 
added iron, and ferric citrate alone, did not stimulate oospore development. 
— R. D. Rands and Ernest Dopp, Division of Sugar Plant Investigations, 
Bureau of Plant Industry, Washington, D. C.® 

iJoliaiin, Helen. Grated carrot agar favorable for studies of PytMum. (Note) 
Pbytopatb. 18: 710. Aug. 1928. 

2 Burk, D., H. Lineweaver, and 0. K. Horner. Iron in relation to the stimulation 
of growth by humic acid. Soil Sci. 33: 418-453. June 1932. 

^ The writers are indebted to Messrs. Burk, Lineweaver, and Horner for helpful 
suggestions, a few of the humic acids tested, and for determinations of organic matter 
in others. 
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A Bing spot-like Tims Disease of Bed Clover. In September, 1931, a 
virus disease of red clover. Trifolium pratense, differing from tlie mosaic 
disease usually described, was seen in a small planting in the rear of the 
Kentucky Agricultural Experiment Station greenhouse. A number of 
plants in each of 4 clover strains, Kentucky, Oregon, AVisconsin, and French, 
in this area, were affected by this disease. 


Fig. 1. RingspotUike virus disease of red clover. A. On the leaflets yellow, circu- 
lar areas of various sizes with necrotic borders develop. Some leaflets thus affected lose 
nearly aU of the green color and assume a lemon-yellow appearance. B. On stems ap- 
pear yellow ring-like patterns wflth brownish borders. 

Small, irregular to circular, yellowish spots from a few millimeters to 
2 cm. in diameter, with well-defined necrotic borders were observed. (Fig. 
1, A.) The chlorosis or yellowing in some spots spread out irregularly 
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beyond the necrotic border and sometimes one or more leaflets were entirely 
yellowed. In these the necrotic, ring-like areas were always clearly visible. 
Long, narrow, irregularly oval, yellow areas with necrotic borders were 
present on some of the stems of affected plants. (Fig. 1, B.) Usually only 
a few leaves of a plant were affected and the vigor of the plant did not seem 
lowered. 

The spots resembled those of yellow ringspot of tobacco and a row of 
tobacco affected with yellow ringspot grew a few feet from the clover. 
Attempts to transmit the clover disease to 27 Turkish tobacco plants by 
rubbing juice of affected clover on the leaves by means of sterile swabs 
were unsuccessful. Aphids were transferred to Turkish tobacco plants 
from ringspot clover plants. Although a number of transfers were made 
to the same plants, the insects always died within 4 or 5 days. Even 
though no symptoms developed in these tobacco plants, inoculations were 
made from them to healthy tobacco plants, but with negative results. 

The garden bean, Phaseolus vulgaris, is susceptible to tobacco ringspot. 
Five bean plants inoculated with juice from diseased clover developed no 
recognizable symptoms. The proximity of the affected clover plants to 
tobacco plants affected with yellow ringspot and the close correspondence 
in symptoms suggest an identical cause, yet inoculation tests leave this 
question open. 

Diseased clover plants were marked and seed harvested in October. Two 
hundred and fifty-flve seeds from 5 plants were sown in flats from which 
.165 seedlings developed. No symptoms of disease were observed in any 
seedlings. This disease was seen for the first time in 1931 and only in a 
small plot. The writer was unable to find the disease in extensive strain 
tests of red clover on the experiment station farm in 1931-1932.— B. M. 
Johnson, Kentucky Agriculturah Experiment Station, Lexington, Ky. 
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INTRODUCTION 

The relation between temperature and inactivation of plant viruses is 
nsefnl in allowing separation of groups of viruses. Resistance of tobacco- 
mosaic virus to high temperature has been studied by a number of investi- 
gators. For the most part, these studies were limited to determinations of 
the maximum temperature to which this virus might be heated without 
losing its infeetivity. Very little is known about the rate of inactivation 
of tobacco-mosaic virus at any given temperature or of the effect of dif- 
ferent temperatures for a given length of time. The lack of a suitable and 
adequate method for measuring virus concentration has made it difficult 
and tedious to study such factors as the gradual diminution in virus con- 
centration due to heating. Because of the recent development of the local 
lesion method by Holmes (5) and a modification of this method (13), it has 
been possible to make a quantitative study of the effect of heat on the virus 
of tobacco mosaic. The purpose of this paper is to present the results of 
this study. 

REVIEW OP LITERATURE 

Mayer (10) reported that the infeetivity of sap of diseased plants was 
not perceptibly changed by continued heating at 60° C., that it was weak- 
ened by heating to 65°-70° 0., and that it was completely destroyed by 
heating for several hours at 80° C. Iwanowsky (6) found that the infec- 
tious property of juice from mosaic-diseased plants was completely lost 
when heated to temperatures near the boiling-point. Beijerinck (2) 
stated that tobacco-mosaic virus was inactivated by boiling or when kept 
for a short time at 90° C. Raeiborsky (14) reported that sap from dis- 
eased plants did not lose its infeetivity when heated for five minutes at 
62° C. or for one minute at 100° C., but that its infeetivity was completely 
destroyed when heated for fifteen minutes at 100° C. Koning (9) con- 

1 This work was begun while the writer was employed by the Boyce Thompson In- 
stitute for Plant Research, Yonkers, New York. 

2 Published at the expense of The Rockefeller Institute for Medical Research, out 
of the order determined by the date of acceptance of the manuscript. 
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eluded that virus diluted 1:10 with water and heated in closed tubes re- 
mained infectious when the heating process was carried on for ten minutes 
at 80° C., five minutes at 90° C., or five minutes at 100° C., although it was 
considerably weakened by heating for five minutes at 100° C. Woods (16) 
stated that boiling did not completely inactivate tobacco-mosaic virus in 
expressed juice. Allard (1) found that the thermal death point of tobaceo- 
;mosaic virus in freshly expressed juice was in the neighborhood of 90° C. 
for ten minutes and that the virus was quickly destroyed at temperatures 
..above this point. He also showed that virus in dried material required 
much more heat for inactivation than that in solution. 

Mulvania (12) found that tobacco-mosaic virus was completely inacti- 
" vated when heated for ten minutes at 90° G. and was considerably weak- 
ened when heated for the same length of time at temperatures slightly 
below this. He observed, on the other hand, that a similar sample of virus 
was not completely inactivated when heated for as long as three days at 
80° C. Mulvania did not observe any correlation between the water con- 
tent of a virus sample and its thermal death point. McKinney (11) found 
that the thermal death point of virus in freshly expressed juice of mosaic- 
diseased plants was between 88° C. and 90° C. for ten minutes and that 
the thermal death point of a similar virus sample in a water dilution of 
1 : 100 was between 82° and 84° C. for ten minutes. He concluded that 
the thermal inactivation of tobacco-mosaic virus is affected by the concen- 
tration of virus in the inoculum and also by the plant constituents in which 
the virus is contained. Brewer et al. (4) found that tobacco-mosaic virus 
(Johnson’s tobacco virus 1) in freshly expressed juice of diseased tomato 
was completely inactivated when held at 88°~90° C. for ten minutes, or 
at 82°~84° C. for twenty-five minutes. 

Eecently, Johnson and Grant (8) have shown that tobacco-mosaic virus 
is not always completely inactivated when heated for ten minutes at 90° C. 
but that the thermal death point is between 90° and 95° C. for ten minutes. 
They also studied the influence of host plant on thermal inactivation of 
tobacco-mosaic virus and found that the thermal death point varied as 
much as 5° C., depending on the host species from which the virus was 
obtained. Whether this variation is the result of a lower concentration of 
virus in some hosts, or of the effect of the host juices, was not ascertained. 

MATERIALS AND METHODS 

The studies reported in this paper were conducted with ordinary to- 
bacco-virus, classified by Johnson (7) as tobacco virus 1 and used by 
Holmes (5) and Price (13) in their studies on local lesions of tobacco 
mosaic. The virus samples used for heating experiments were obtained 
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from diseased plants of Nicotiana fahacum L. var. Turkish, which had been 
infected for 30 or more days. Juice was extracted from such plants by 
grinding in a meat chopper and pressing by hand through one thickness 
of cheese-cloth. 

Method of heating virus samples. In the studies where it was necessary 
to maintain a uniform temperature for only a short period of time (periods 
up to two hours), the virus samples were immersed in an electrically heated 
and stirred water bath, held within 0.2° C. of the desired temperature. 
At the end of the heat treatment, the virus samples were plunged into cold 
W'ater. In such tests the virus samples were placed in containers prepared 
from glass tubing of 3-^ mm. bore and in 25-30 mm. lengths. At the time 
of testing a virus sample, one end of a tube was drawn to a fine point in a 
flame. Approximately two cc. (one cc. for the one-minute tests) of the 
sample to be tested were drawn into the tube, one end of which was then 
carefully sealed by heat. This treatment did not measurably decrease the 
infectivity of the virus sample, as was shown by tests conducted with 
samples immediately after preparation. 

Tests were made to determine the length of time required for a virus 
sample to reach the temperature of the water bath in which it was placed. 
These tests were made by the use of a thermocouple attached to a galva- 
nometer. The results of the tests showed that from 40 to 45 seconds were 
required for the temperature of the solution in the tube to reach the tem- 
perature of the bath. In 30 to 35 seconds after immersion there was a 
difference of one degree in temperature of the two solutions ; in 25 seconds 
there was a difference of four degrees in temperature. The tests were 
made in a water bath held at temperatures of 100° C., 90° G., and 80° C., 
respectively. In the heating experiments shown below, no allowance was 
made for the time required for the temperature of the virus solution to 
reach the temperature of the bath. The time periods shown in the table 
represent the actual time the tubes were immersed. Thus, a virus solution 
that was kept for one minute in a bath held at 95° C. was actually main- 
tained at 95° C. for only 15 to 20 seconds, from 95° to 94° C. for ten sec- 
onds, and from 94° to 91° G. for ten seconds. 

In experiments in which it was necessary to maintain a uniform tem- 
perature over a period of time longer than two hours, a slightly different 
procedure was followed. Approximately three cc. of a virus sample were 
placed in a tightly stoppered l x 10 cm. test tube. Such tubes were kept 
in electrically heated ovens for the duration of the test. The temperature 
was taken at the level of the tubes in the ovens. The oven temperature, 
as a rule, did not vary more than zh 1° C., but occasionally a variation of 
as much as 2° C. was observed. In the later experiments the tubes of virus 
were immersed in a paraffin bath kept inside the ovens. 
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Method for measuring virus concentration. The method employed by 
previous workers for testing for presence of virus in samples of heated 
juice depended upon the appearance of the systemic disease in plants of 
Nicotiana tabacum inoculated with such samples. Usually five or ten 
plants were used for each sample tested and the results were given in per- 
centage of infection. The appearance of the systemic disease in this host 
indicates the presence of virus in the inoculum but gives little indication 
of the relative concentration of virus unless a large number of plants are 
used. The local lesion method (5, 13) for measuring virus concentration 
gnot only differentiates between presence and absence of virus but also 
allows a reasonably accurate estimation of virus concentration. The 
method was employed in the studies reported in this paper. Lesions made 
their appearance in about 36 hours and were usually counted in five or 
more days after inoeulation. The test plants were grown in a greenhouse 
in which the temperature was not allowed to fall below 68° P. 

Some of the experiments reported in this paper were conducted with 
Nicotiana glutinosa L. as the test plant and the remainder with Phaseolus 
vulgaris L. var. Early Golden Cluster as the test plant. Several of the 
experiments with N. glutinosa were duplicated with P. vulgaris, thus allow- 
ing a comparison to be made between the two test plants. It is of interest 
to note that there was a close agreement between the results obtained with 
these two hosts. 

In cases in which Nicotiana glutinosa was used as the test plant, five 
leaves of this host were inoculated with the sample tested. Plants used in 
these experiments were selected for uniformity of leaves at the time of 
nuaking the test. In those cases in which Phaseolus vulgaris was used as the 
test plant, each virus sample was tested by inoculation of 16 primary leaves, 
which were almost fully expanded. 

EXPEEIMENTAL 

Thermal death point is usually defined as the minimum temperature 
that results in complete inactivation after exposure for a definite period 
of time under specific conditions. A ten-minute period is usually taken as 
a standard. Similarly, thermal death time may be defined as the length 
of time required for complete inactivation of a virus sample when exposed 
to a definite temperature under specific conditions. The writer determined 
the thermal death point of tobacco-mosaic virus for a ten-minute exposure 
and for a one-minute exposure and the thermal death time for tempera- 
tures of 68°, 75°, 80°, 85°, and 90° C. The details of these experiments 
are given below. 
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TliEHMAL DEATH POINT: TEN-MINUTE EXPOSURE 

Seven different experiments were conducted in order to determine the 
thermal death point (ten-minute exposure) of tobacco-mosaic virus in 
freshly expressed juice of diseased Turkish tobacco plants. These experi- 
ments were conducted at different times of the year and included seven 
different virus samples. Table 1 shows the results of four experiments in 
which Nicotiana gluUnosa was used as a test plant. The results of three 
experiments in which Early Golden Cluster beans were used as test plants 
are given in table 2. These results indicate that there is a slight variation 
in thermal death point of different samples of virus, the minimum thermal 
death point observed being 91^ C., the maximum 93° C. On the other 
hand, it is possible that this seeming inconsistency resulted from variation 
in test plants and the failure to detect minute quantities of virus in some 
instances rather than from any variation in virus samples. It is concluded 
from the results of these experiments that the thermal death point of 
tobacco-mosaic virus in freshly expressed juice of mosaic-diseased tobacco 
plants is 93° C. for ten minutes. 

The results given in tables 1 and 2 also show that partial inactivation 
of virus occurs at temperatures well below the thermal death point and 
that this inactivation increases with rise in temperature. In all cases ob- 
served, a temperature of 87° C. (six degrees below the thermal death point) 
caused a significant decrease in virus concentration. 

Effect of water dilution on thermal death point: ten-minute interval. 
It is well known that the thermal death point of various organisms is in- 
fluenced by the nature of the dispersing medium and the number of organ- 
isms in the sample. It is, therefore, of interest to know whether the 
thermal relations of tobacco-mosaic virus, as well as of other viruses, are 
influenced by such factors. It is already known that the thermal death 
point of tobacco-mosaic virus is appreciably lowered by dilution (11). 
Several experiments were undertaken in order to obtain more detailed in- 
formation regarding the effect on thermal death point of dilution with 
water. Freshly extracted juice of mosaic-diseased plants diluted 1: 20 
with water was used in these experiments. Table 3 shows the results of 
six tests with juice diluted 1:20 with water. With three of the virus 
samples tested, the thermal death point was found to be 88° C. for ten 
minutes; with one sample, the thermal death point was 87° C. ; with the 
remaining samples 86° C. These results show that dilution with water 
significantly lowers the thermal death point of tobacco-mosaic virus. 

It is also of interest, in connection with these experiments, to note that, 
as in the case with undiluted juice, temperatures considerably below the 
thermal death point cause a marked decrease in virus concentration and 
that the degree of inactivation increases with rise in temperature. 
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Efect of dilution with healthy tolacco extract. Since it lias been shown 
that the thermal death point of tobacco-mosaic yirns is significantly lowered 
by dilution with water, it is of interest to know whether this decrease is the 
result of the decrease in yirus concentration or of a decrease in total solids 
or of both. Such a question is difficult to answer until it is possible to 
work with a purified virus solution. Some information regarding it has 
been obtained, however, by using juice of healthy tobacco plants as a dilut- 
ing medium. In such a dilution, the concentration of virus can be consid- 
erably lowered without any appreciable decrease in solid content of the 
solution. Such a solution is not strictly comparable with undiluted juice 
of mosaic-diseased plants, since the presence of virus in the plant no doubt 
alters the properties of the juices of such a plant. It does, however, allow 
a rough comparison of the effect of dilution of virus and dilution of solids 
in the dispersing medium. 

Thermal death point determinations were made with juice of mosaic- 
diseased plants diluted 1 : 20 with juice of healthy tobacco plants. The 
failure of control plants to produce lesions when inoculated with juice from 
these healthy plants proved that the juice used for dilution was free of any 
appreciable quantity of tobacco-mosaic virus. The results of five tests 
with virus in freshly extracted juice of mosaic-diseased plants diluted with 
healthy juice are given in table 4. In two tests, the thermal death point 
of virus in this dilution was found to be 91*^ C. ; in three tests, 90° C. A 
comparison of these results with those presented in tables 1, 2, and 3 shows 
that the thermal death point of virus diluted 1:20 with juice of healthy 
'tobacco plants is two degrees lower than that of undiluted juice and three 
degrees higher than that of virus in juice diluted 1 : 20 with water. It is, 
therefore, concluded that the thermal death point of tobacco-mosaic virus 
is influenced by the concentration of virus as well as by the nature of the 
dispersing medium. 

An interesting phenomenon is clearly shown by comparison of tables 1, 
2, 3, and 4. Although the concentration of virus in the samples used for 
tests shown in table 4 (juice diluted 1: 20 with healthy tobacco juice) was 
reduced 20 times, the number of lesions produced upon leaves of Nicotiana 
gUotinosa by inoculation was only slightly less than that produced by inocu- 
lation with undiluted juice. The cause of this phenomenon is not known. 
It may be due to the presence in healthy juice of some substance that has 
an effect similar to that of norit or talc, as reported by Vinson and 
Petre (15). 

Effect of filtration on thermal death point. Since the results of pre- 
vious experiments showed that the thermal death point of tobacco-mosaic 
virus is influenced by the concentration of virus and by the concentration 
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TABLE 1. — Effect of exposure of iohctcco-Tnosctio virus to vo/rious temperatwes for 
ten minutes 


Temperature 
in degrees 0. 

Test 

No. 1 

Test 

No. 2 

Test 

No. 3 

Test 

No. 4 

Total 

Average 

86 

154a 

440 

1000 

528 

2122 

530 

87 

104 

777 

657 

367 

1905 

476 

88 

138 

491 

516 

239 

1384 

346 

89 

96 

209 

116 

435 

856 

214 

90 i 

69 

24 

10 

108 

211 

53 

91 

6 

0 

0 

18 

24 

6 

92 

1 

O' 

0 

0 

1 

1 

93 

0 

0 

0 

1 

1 

1 

94 

0 

0 

0 

0 

0 

0 

95 

0 

0 

0 

0 

0 

0 

IJnheated controls 

1812 

2700 

2650 

1236 

8398 

2099 


a Figures represent num’bers of lesions produced upon 5 leaves of N'icotiana glutinosa 
by inoculation with virus sample indicated. 


of solids in the dispersing medium, it appeared that further information 
regarding this phenomenon might be obtained by studying the effect of 
filtration. Although it is well known that tobacco-mosaic virus is infec- 
tious after passage through a Berkefeld filter candle, most workers believe 
that filtration reduces the concentration of virus. No one has yet deter- 
mined to what degree filtration reduces virus concentration. Juice from 
mosaic-diseased tobacco plants was diluted 1 : 20 with water and immedi- 


TABLE 2.— -Effect of exposure of tohacco-mosaio virtcs to various temperatures for 
ten minutes 


Temperature 
in degrees C. 

Test 

No. 1 

Test 

No. 2 

Test 

No. 3 

Total 

Average 

87 

795a 

2272 

2936 

6003 

2001 

88 

759 

3944 

1 3312 

8015 

^ 2672 

89 

123 

1712 

862 

2697 

899 

90 

50 

928 

512 

1490 

497 

91 

0 

11 

5 

16 

■ ,'5: : 

92 

0 

1 

2 

3 

• ■ "I' ■ 

93 

0 

0 

0 

0 

0 

94 

0 

0 

0 

0 

0 

95 

0 

0 

0 

0 

0 

96 

0 

0 

0 

0 

Unheated controls 

3435 

3488 

5550 

12473 

4158 


a Figures represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 
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TABLE Z.— Effect of exposure of tohacco-mosaic virus (diluted 1 : SO with water) 
to 'vanous temperatures for ten minutes 


Tempera- 
ture in 
degrees 0. 

Test 
No. 1 

Test 
No. 2 

Test 
No. 3 

Test 
No. 4 

Test 
No. 5 

Test 
No. 6 

Total 

Average 

77 

272a 

311 

91 

200 



874 

219 

78 

206 

200 

60 

293 



759 

190 

79 ........ 

146 

138 

28 

109 



421 

105 

80 ........... 

132 

141 

65 

92 




430 

108 

81 

92 

247 

42 

131 

23 

31 

566 

94 

82 

169 

86 

13 

93 

95 

49 

505 

84 

83 

429 

123 

39 

120' 

12 

26 

749 

125 

84 ........... 

351 

183 

15 

217 

14 

5 

785 

131 

85 

126 

114 

2 

36 

4 

12 

294 

49 

86 

91 

35 

0 

64 

0 

2 

192 

32 

87 

2 

6 


21 

0 

0 

29 

5 

88 

0 

0 

0 

0 

0 

0 

0 

0 

89 

0 

0 

0 

O 

0 

0 

0 

0 

90 

0 

0 i 

0 

0 

0 

0 

0 

0 

91 

XJuheated 

0 

0 

0 

0 

0 

0 

0 

0 

controls... 

334 

376 

222 

369 

260 

199 

1760 

293 


a Figures represent numbers of lesions produced upon 5 leaves of Niootiana glutinosa 
by inoculation with, virus sample indicated. 


ately filtered through a Berkefeld filter candle of the grade. This 
solution was kept frozen until needed. Four thermal death-point determi- 
nations were made with juice that had been treated in this manner. The 
results of these tests are shown in table 5. In three of the tests, the thermal 
death point was found to be 84° C., in one test 85° C. The variation is 
obviously the result of experimental procedure, since the virus samples 
were identical in each case. This thermal death point is three degrees 
below that of unfiltered juice diluted 1 : 20 with water. It is, therefore, 
concluded that filtration lowers the thermal death point of tobacco-mosaic 
virus, although it is realized that freezing also may have altered the resis- 
tance of the virus to heat. 

Effect of addition of gelatin on thermal death point. In order to obtain 
more information regarding the influence of concentration of solids on 
thermal relations of tobacco-mosaic virus, thermal death-point determinations 
were made with a virus sample to which gelatin had been added. Enough 
gelatin was added to each solution tested to bring the concentration of 
gelatin in the sample to two to four per cent by weight. Some slight dilution 
of the virus sample resulted from this treatment, but the dilution was not 
significantly large. The results of two tests with undiluted juice of mosaic- 
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TABLE 4. — Sffeot of exposure of tobacao-mosaie virus (diluted 1:S0 viith TieaXthy 
extract) to variom temperatures for ten minutes 


Temperature 
in degrees C, 

Test 
No. 1 

Test 

No. 2 

Test 
No. 3 

Test 
No. 4 

Test 
No. 5 

Total 

Average 

81 

993a 

1796 

194 

2100 

974 

6057 

1211 

82 

378 

1675 

192 

1250 

1300 

4795 

959 

83 

441 

231 

98 

2303 

646 

3719 

744 

84 

498 

1115 

61 

456 

889 

3019 

604 

85.. 

395 

250 

70 

512 

342 

1569 

314 

86 

274 

1367 

20 

184 

75 

1920 

384 

87 

120 

397 

10 

8 

0 

535 

107 

88 

90 

25 

3 

36 

1 

155 

31 

89 

4 

12 

2 

11 

9 

38 

8 

90 

0 

2 

0 

1 

0 

3 

1 

91 

0 

0 

0 

0 

0 

0 

0 

92 

0 

0 

0 

0 

0 

0 

0 

93 

0 

0 

0 

0 

0 

0 

0 


906 

1735 

270 

3240 

3320 



Unbeated 

1120 

1928 

470 





controls 






19932 

1533 


2134 

1460 

162 






2950 


237 





Healthy 








juice 

0 

0 

0 

0 

0 

0 

0 

alone 









a Figures represent numbers of lesions produced upon 5 leaves of Nieotiana glutinosa 
by inoculation with virus sample indicated. 


diseased tobacco plants to which gelatin had been added are given in table 6. 
In one test with this solution, the thermal death point was found to be 
93° C. for ten minutes, in the other test, 92° C. The results of four tests 
with juice diluted 1 : 20 and containing two to four per cent gelatin are 
given in table 7. In three of these tests, the thermal death point was 
found to be 88° C., and in one test it was 87° C. for ten minutes. The 
thermal death points of tobacco-mosaic virus in solutions containing two to 
four per cent gelatin were identical with those in similar solutions that did 
not contain gelatin. It is concluded that the addition of this quantity of 
gelatin has no detectable influence upon the thermal death point. 

THERMAL DEATH POINT : ONE-MINUTE EXPOSURE 

In all the experiments reported above, a ten-minute interval was taken 
as a standard in determining the thermal death point. It is of interest to 
know the thermal death point of tobacco-mosaic virus for a one-minute 
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TABLE ^.—Effect of exposure of to}>acco-mosaic virus (diluted 1 : BO with water 
and filtered through Berhefeld filter candle) to various temperatures for ten min- 

utes 


Temperature 
in degrees C. 

Test 
. No. 1 

Test 

No. 2 

Test 

No. 3 

Test 

No. 4 

Total 

Average 

76 


13a 

36 

14 

63 

21 

77 


20 

27 

36 

83 

28 

78 ...................... 

41 

21 

11 

10 

83 

21 

79 

20 

12 

5 

19 

56 

14 

80 : 

15 

5 

11 

5 

36 

9 

81 

14 

9 

14 

8 

45 

11 

82 

7 

9 

4 

7 

27 

7 

83 

2 

4 

3 

6 

15 

4 

84 

0 

0 

0 

1 

1 

0.25 

85 

0 

0 

0 

0 

0 

0 

86 

0 

0 

0 

0 

0 

0 

87 

0 

0 

0 

0 

0 

0 

XJnheated controls 

121 

72 

127 

94 





35 

51 

144 

822 

91 



58 

120 





a Figures represent numbers of lesions produced upon 5 leaves of Nieotiana glutinosa 
by inoculation witb virus sample indicated. 


TABLE 6 . — Effect of exposure of tolacco-mosaic virus (in undiluted juice contain- 
ing four per cent gelatin) to various temperatures for ten minutes 


Temperature in 
degrees 0. 

Test 

No.l 

Test 

No. 2 

Total 

Average 

88,.... 

2246a 

360 

2606 

1303 

89 

775 

60 

835 

418 

90... 

262 

33 

295 

148 

91 

42 

1 

43 

22 

92 

5 

0 

5 

3 

93.. 1 

0 

0 

0 

0 

94 

0 

0 

0 

0 

95 

0 

0 

0 

0 

XJnheated controls 

2250 

1619 

3869 

1935 


a Figures represent numbers of lesions produced upon 5 leaves of Nicotiana glutinosa 
by inoculation with virus sample indicated. 


exposure. In order to determine this, tests were made with undiluted 
juice of mosaic-diseased tobacco plants and with juice diluted 1:20 with 
water. Results of these tests are described below. 

Undiluted juice. The results of four tests with undiluted juice are 
given in table 8. In two of these tests, the thermal death point for a one- 
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TABLE 7.— —Effect of exposwre of tohacco-mosaic virus {diluted 1: 20 with water 
and containing four per cent gelatin) to various temperatures for ten minutes 


Temperature 
in degrees C. 

Test 

No.l 

Test 

No. 2 

Test 

No. 3 

Test 

No. 4 

Total 

Average 

81... 

44a 

132 

179 

19 

374 

94 

82 

21 

260 

210 

40 

531 

133 

83 

26 

1 390 

124 

19 

559 

140 

84 

22 

52 

88 

24 

186 

47 

85 

7 , 

141 

25 

8 

181 

45 

86 

4 

26 

11 

4 

45 

11 

87 

1 

9 

0 

2 

12 

3 

88 

0 

0 

0 

0 

0 

0 

89 

0 

0 

0 

0 

0 

0 

90 

0 

0 

0 

0 

0 

0 

91 

0 

0 

0 

0 

0 

0 

IJnlieated controls 

49 

519 

193 

220 

981 

245 


a Figures represent numbers of lesions produced upon 5 leaves of ISFicotiana glutinosa 
by inoculation with virus sample indicated. 


minute exposure was found to be 95° C.; in the other two tests, it was 
96° C. Considerable inaetiYation of Yirus occurred at 92° C. in all four 
cases, and there was a gradual diminution in virus concentration with rise 
in temperature. The results indicate, however, that there is a sharper 
end point in the case of a one-minute exposure than in the case of a ten- 
minute exposure. 

Juice diluted 1: 20 with water. Four tests were made in order to deter- 
mine the effect of dilution on the thermal death point for a one-minute 
exposure. As in previous experiments, freshly extracted juice of mosaie- 


Effect of exposure of tohacco-mosaio virus to different temperatures 

for one minute 


Temperature 
in degrees C. 

Test 

No.l 

Test 

No.2 

Test 

No. 3 

Test 

No. 4 ,'. 

Total 

Average 

92 

867a 

3600 

1280 

2108 

7855 

1964 

93 

338 

747 

324 

1870 

3279 

820 

94 

25 

251 

179 

404 

859 

215 

95 

0 

0 

43 

3 

46 

12 

96 

0 

0 

0 

0 

0 

0 

97 

0 

0 

0 

0 

0 

0 

98 

0 

0 

0 

0 

0 

9 

TJnheated controls 

7360 

10330 

11800 

10880 

40370 

10093 


^ Figures represent numbers of lesions produced upon 16 leaves of Early G^olden 
Cluster beans by inoculation with virus sample indicated. 
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TABLE 9. — Bfect of exposure of tolacco -mosaic virus {diluted 1:^0 with water) 


to various temperatures for one minute 


Temperature 
in degrees C. 

Test 

No. 1 

Test 

No. 2 

Test 

No. 3 

Test 

No. 4 

Total 

Average 

87 

1536a 

648 

408 

479 

3071 

768 

88 

701 

336 

249 

136 

1422 

356 

89 

52'8 

71 

128 

128 

855 

214 

90 

208 

93 

92 

11 

404 

101 

91 

16 

5 

6 

1 

28 

7 

92 

0 

0 

0 

0 

0 

0 

93 


0 

0 

0 

0 

0 

XJnheated controls 

8600 

4400 

3306 

3516 

19822 

4956 


^ Eigures represent numbers of lesions, produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 


TABLE 10. — JEffect of exposure of tohacco-mosaic virus to a temperature of 90° C. 


Time of 
exposure 

Test 

No.l 

Test 

No. 2 

Test 

No. 3 

Total 

Average 

20 

min 

829a 

, 7 

179 

1015 

338 

30 

a 

11 

1 

110 

122 

41 

40 

<( 

30 

0 

88 

118 

39 

50 

( < 

1 

0 ; 

57 

58 

19 

60 

C( 

2 

0 

3 

5 

2 

70 

{ ( 

0 

0 

4 

4 

1 

80 

it 

0 

0 

0 

0 

0 

XTnheated 

controls 

9330 

5688 

10800 

25818 

8606 


a Figures represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 


TABJjE 11.— -^Effect of exposure of toltacco-mosaic virus to a temperature of 85° C. 


Time of 
exposure 

Test 

No. 1 

Test 

No. 2 

Test 

No. 3 

Total 

Average 

4 hrs. 


416a 

1500 

243 

2159 

720 

8 

a 



64 ■ 

230 

631 

925 

308 

12 

(( 


164 

185 

408 

757 

252 

16 

(( . 


48 

6 

80 

134 

45 

20 

( £ 


9 

7 

8 

24 

8 

24 

cc 


8 

5 

24 

37' ■ : 

12 

28 

£( 

................. 

4 

0 

1 

5 

2 

32 



0 

0 

0 

0 

0 

36 

£ £ ■ 



0 


0 

0 

XJnheated 

controls 


6864 

7822 

5500 

20186 

6729 


a Figures represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 
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TABLE 12. — Effect of exposure of tolxiccO’-mosaic virus to a temperature of 80° C. 


Time of exposure 

Test 
No. 1 

Test 
No. 2 

Test 
No. 3 

Test 
No. 4 

Test 
No. 5 

Total 

Average 

1 day 

1112a 

6688 

1528 

3088 

3422 

15838 

3168 

2 

days 

705 

1048 

1360 

2747 

5244 

11104 

2221 

3 

cc 

184 

1545 

805 

2096 

1728 

6358 

1272 : 

4 

i c 

133 

444 

312 

680 

860 

'2429 

486 

5 

it 

84 

374 

112 

427 


997 

249 

6 

a 

18 

280 

35 

640 

193 

1166 

233 

7 

a 

19 

78 

11 

201 

101 

410 

82 

8 

i i 

8 

19 

4 

99 

89 

219 

44 

9 

a 

1 

6 

2 

17 

21 

47 

9 

10 

i c 

0 

0 

0 

6 

23 

29 

6 

11 

( c 



3 

1 

0 

4 

1 

12 

£ £ 



0 

0 

0 

0 

0 

13 

££ 




0 

0 

0 

0 

14 

££ 




0 


0 

0 

1 .^ 

£ £ 




0 


0 

0 

ITnheated controls 

13300 

11400 

8000 

10600 

9152 

52452 

10490 


a Eigiires represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation witli virus sample indicated. 


TABLE 13 . — Effect of exposure of totacco-mosaic vvrus to a temperature of 76° 0» 


Time of 
exposure 

Test 

No.l 

Test 

No. 2 

Test 

No. 3 

Total 

Average 

10 days 

1466a 

1866 

1600 

4932 

1644 

15 

263 

192 

33 

488 

163 

20 

21 

19 

20 

60 

20 

25 '' 

17 

11 

7 

35 

12 

30 

21 

8 

5 

34 

11 

35 

3 

6 

0 

9 

3 

40 ^ ^ 

0 

0 

0 

0 

0 

40 '' 

0 

0 

0 

0 

0 

Unheated controls 

6044 

3916 

5964 

15924 

5308 


a Figures represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 


diseased tobacco plants diluted 1:20 witli water was used. Results of 
these four tests are presented in table 9. In all four tests^ the thermal 
death point for a one-minute exposure was found to be 92° C. Partial 
inactivation occurred at 87° C., the lowest temperature tested. 

THERMAL DEATH TIME FOR VARIOUS TEMPERATURES 

Undiluted juice. The thermal death time for virus in freshly extracted 
juice of mosaic-diseased tofbacco was determined for temperatures of 90°, 
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TABLE 14:,— E feet of exposure of tohacco-mosaic virus to a temperaHre of 68° C. 


Time of exposure 

Test 

No.l 

Test 
No. 2 

Test 
No. 3 

Test 
No. 4 

Test 
No. 5 

Total 

Average 

4. llTS 

11260 

7377 




18637 

9319 

12 

< c 

5250 

3700 




8950 

4475 

9A 

Ci 

7000 

4600 




11600 

5800 

2 . 

5000 

3275 




8275 

4138 

3 

ct 

5350 

3303 




8653 

4327 

5 

a 

2369 

811 




3180 

1590 

8 

it 

4450 

1334 




5784 

2892 

10 

i ( 

2525 

1045 




3570 

1785 

14 

{( 

1635 

655 




2290 

1145 

18 

{ { 





189 

189 

189 

19 

{( 

905 

421 




1326 

663 

20 






91 

91 

91 

31 




84 

85 


169 

85 

33 

it 



185 



185 

185 

37 

it 





12 

12 

12 

39 

it 



52 


8 

60 

30 

40 

a 



45 



45 

45 

42 

a 



24 



24 

24 

44 

it 





0 

0 

0 

46 

a 





2 

2 

: .2 ■' 

48 

{( 




5 


5 

5 

50 

it 




5 

0 

5 

3 

52 

it 



0 

2 

1 

3 

1 

53 

it ■. 

5 

0 




5 

3 

54 

it 



0 

1 

0 

. 1 ■' 

'■/ '1' 

56 

ti 



0 

37 


37 

19 

58 

it , 



O' 

4 


4 

■ '2:'' 

60 

it 




26 


26 

26 

62 

a 




9 


9 

9 

64 

it 




5 


' '5 

5, 

66 

t f 




4 


4 

4 

68 

a 




11 

1 

' 12 

6 

70 

it 

0 

0 


4 

1 

5 

■ "'1' 

Unlieated controls 

17400 

17800 








9100 

7400 

5760 

8280 

13300 

98440 

10938 



10600 

8800 







85°, 80°, 75°, and 68° C. In all cases the virus concentration remaining 
after heating was measured by inoculation of leaves of Early Golden 
Cluster beans. Results of tests at these temperatures are shown in tables 
10 to 14. Table 10 shows the results of three tests with virus samples held 
at 90° C. ; table 11, the results of three tests at 85° C. ; table 12, the results 
of five tests at 80° C. ; table 13, the results of three tests at 75° C. ; and 
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TABLE 15. — 'Effect of exposure of totaccormosaic vmis {diluted 1: 20 with water) 
to a temperature of 8S° 0. 


Time of 
exposure 

Test 

No.l 

Test 
No. 2 

Test 
No. 3 

Test 

No. 4 

Total 

Average 

20 mins. 


3a 

5 

114 

122 

41 

30 

2 

0 

0 

18 

20 

r ■ 5 

40 ^ ^ 

1 

0 

2 

12 

15 

4 

50 

1 

1 

5 

10 

17 

4 

60 

0 

0 

0 

1 

1 

1 

70 

0 

0 

0 

0 

0 

0 

80 

0 


0 

0 

0 

0 

Unheated controls 

8600 

4155 

4225 

3200 

20180 

5045* 


a Eigures represent numbers of lesions produced upon 16 leaves of Early G-olden 
Cluster beans by inoculation with virus sample indicated. 


TABLE 16. — Effect of exposure of tohacco -mosaic virus {diluted 1:20 with water) 
to a temperature of C. 


Time of 
exposure 

Test 

No.l 

Test 
No. 2 

Test 
No. 3 

Test 
No. 4 

Total 

Average 

1 

hr 

2014a 

430 

399 

146 

2089 

747 

2 

hrs 

493 

206 

147 

200 

1046 

261 

3 

(C 

132 

171 

291 

141 

735 

184 

4 

( ( 

76 

58 

107 

45 

286 

72 

5 

( ( 

91 

93 

194 

11 

389 

97 

6 

< c 

6 

12 

220 

9 

247 

62 

7 

(( 

5 

94 

123 

2 

224 

56 

8 

( i 

1 

12 

48 

1 

62 

16 

9 

c ( 

0 

7 

45 

0 

52 

13 

10 

cc 

5 

9 

9 

0 

23 

6 

11 

( i 

0 

0 

2 

4 

6 

2 

12 

( c 

0 

0 

1 

0 

1 

0.25 

13 

({ 

0 

0 

0 

0 

0 

0 

14 

(( 

0 

0 

0 

0 

0 

0 

15 

it 

0 

1 

0 

0 

1 

0.25 

16 

it 

0 

0 

0 

0 

0 

0 

Unheated controls 

2014 

4186 

4784 

5500 









26990 

3856 



4600 

2122 

3784 





a Eigures represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 


table 14, the results of fiTe tests at 68° C. It is eoueluded from these tests 
that tohaeco-mosaic virus in undiluted juice is completely inactivated when 
held at 90° C. for 80 minutes, at 85° C. for 32 hours, at 80° C. for 12 days, 


764 Phytopathology [Vol. 23 

TABLE 17.— Effect of exposure of tolacco-mosaio virus {diluted 1: $0 with water) 


to a temperature of 7 S° C. 


Time of exposure 

Test 

No.l 

Test 

Ko.2 

Test 
No. 3 

Test 
No. 4 

Total 

Average 

12 brs. 

990a 

100 

512 

233 

1835 

459 

24 

355 

4 

184 

40 

583 

146 

36 

4 

0 

20 

1 

25 

6 

48 

0 

3 

68 

0 

71 

18 

60 .................. 

0 

0 

2, 

0 

2 

1 

72 

0 

; 0 

0 

0 

0 

0 

84 



0 

0 

0 

0 

XJnbeated controls ...... 

2448 

2915 

1228 

1511 

8102 

2026 


a Figures represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 


TABLE IS.— Effect of exposure of tohacco -mosaic virus (diUUed 1:20 with water) 
to a temperature of 68° C. 


Time of 
exposure 

Test 

No.l 

Test 

No. 2 

Test 

No. 3 

Total 

Average 

2 days 


906a 

1070 

1976 

988 

3 

i i 

455 

656 

456 

1567 

522 

4 

a 

235 

354 

576 

1165 

388 

5 

( t 

114 



114 

114 

6 

i i 

171 

293 

426 

890 

207 

7 

£( 

624 

49 

62 

735 

245 

8 

it 

144 

61 

135 

340 

113 

9 

a 

37 

92 

322 

451 

150 

10 

it 

3 

107 

19 

129 

43 

11 


2 ' 

2 

624 

628 

209 

12 

i i 

167 

11 

260 

438 

146 

13 

(( 

22 

67 

394 

483 

161 

14 

it 

0 

0 

7 

7 

2 

15 

i ( 

5 

9 

11 

25 

8 

16 

i i 

0 

0 

0 

0 

0 

17 

( c 

0 

5 

17 

22 

7 

18 

ti 

0 

0 

13 

13 

4 

19 

a 

0 

1 

8 

9 

3 

20 

it 

0 

0 

0 

0 , 

0 

TJnheated controls 

3912 

760 

356 

5028 

1676 


a Figures represent numbers of lesions produced upon 16 leaves of Early Golden 
Cluster beans by inoculation with virus sample indicated. 


or at 75° C. for 40 days. It was not completely inactivated when lield at a 
temperature of 68° C. for as long as 70 days. 

Diluted juice. Tests were made to determine the thermal death time 
at various temperatures for virus in juice of mosaic-diseased tobacco diluted 
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1: 20 -witli water. Tables 15 to 18 show the number of lesions prodiiced 
on Early Golden Cluster beans by inoculation with virus heated to these 
temperatures. Table 15 shows results of four tests with diluted juice held 
at 85° C.; table 16, results of four tests at 80° C.; table 17, results of four 
tests at 75° C. ; and table 18, results of three tests at 68° C. These results 
show that virus in freshly extracted juice, diluted 1 : 20 with water, is 
completely inactivated when heated to 85° C. for 70 minutes, to 80° C. for 
13 hours, to 75° C. for 72 hours, or to 68° C. for 20 days. 

CURVES SHOWING RATE OF INACTIVATION 

Some of the data obtained in this investigation are plotted in the form 
of curves and presented in figures 1 and 2. Figure 1 shows the rate of 
inactivation of tobacco-mosaic virus in undiluted juice held at a tempera- 
ture of 68° C. Data from which this curve was drawn were taken from 
table 14. The curve shows clearly the gradual diminution in virus con- 
centration due to heating. 

The curves in figure 2 were drawn with time plotted on a logarithmic 
scale and temperature on an arithmetic scale. They show the time-tem- 
perature relation for complete inactivation of virus. The points on the 
curves represent the times, shown in tables 1 to 3 and 8 to 18, for complete 
inactivation of virus at the temperatures indicated. With these curves, it 
is possible to estimate the thermal death time for any temperature between 
68° C. and 96° C., or to calculate the thermal death temperature for any 
period between one minute and 40 days. Although the curve for inactiva- 
tion of virus in undiluted juice and that for virus in juice diluted 1: 20 
are similar in shape, they are closer together at the higher temperatures 
tested than at the lower. This appears to show that dilution alters the 
thermal death time more at low temperatures than at high temperatures. 

DISCUSSION 

The results obtained in this investigation are in fairly close agreement 
with those of other workers. The seemingly higher thermal death point 
obtained by the writer and also by Johnson and Grant (8) may be due 
to the use of the rubbing method of inoculation, which allows detection 
of minute quantities of virus. It has been shown that the thermal death 
point is influenced by concentration of virus and by concentration of solids 
in the dispersing medium. It may be that such factors would be operative 
in the case of virus samples obtained from host plants grown under differ- 
ent environmental conditions. Differences between results observed by 
various investigators, as well as differences between certain samples of 
virus used by the writer, may possibly be due to differences in plants from 
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expressed juice of diseased tobacco plants) when held at a temperature of 68° C. The 
points on the curve show the average number of lesions produced on leaves of Early 
Golden Cluster beans by inoculation with virus samples heated for the length of time 
indicated. 
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wMch. tlie virus samples were obtained. It is of importance that such 
factors as concentration of solids and nature of the dispersing medium be 
taken into consideration when comparing the thermal death points of 
different viruses or even of the same virus from different sources. 

Another factor that may account for some of the variation obtained in 
different tests with tobacco-mosaic virus is the difficulty of maintaining a 
uniform temperature over a considerable period of time. Examination of 
the curves presented in figure 2 shows that a slight change in temperature 
causes a significantly large change in thermal death time of the virus. 
Variation in temperature of as much as one degree C. might result in a 
considerably shorter or considerably longer thermal death time. 

Thermal death-time curves for several thermophilic organisms were 
published by Bigelow (3). These curves, on semilogarithmic paper, are 
straight lines except at temperatures below 105° 0., where they tend to 
turn downward. It is of interest that the thermal death-time curves of 
tobacco-mosaic virus (Fig. 2) resemble those shown by Bigelow for thermo- 



TIME IN MINUTES 

Fig. 2. Thermal death-time curves of tobaceo-mosaie virus. The solid line shows 
the time required for complete inactivation of virus in freshly expressed juice of mosaic- 
diseased plants at the temperatures indicated; the broken line, the time required for 
inactivation of virus in juice diluted 1: 20 with water. 

philic organisms. These curves for tobacco-mosaic virus are almost straight 
lines at the high temperatures but bend downward sharply at tempera- 
tures below 80° and 85° C. 

The virus of tobacco mosaic is more resistant to heat than most of the 
other plant viruses that have been studied up to the present time. No 
other plant virus is known to have a higher thermal death point. That it 



768 


Phytopathology 


[VoL. 23 


is far more resistant than are most vegetative bacteria is shown by its 
ability to withstand the temperature of pasteurization for many days. 

SUMMAEY 

The local-lesion method for measuring virus concentration was used in 
a quantitative study of the rate of inactivation of tobacco-mosaic virus by 
heat. It was found that virus in undiluted juice of mosaic-diseased tobacco 
plants was inactivated in one minute at 96® C., in ten minutes at 93® C., 
in 80 minutes at 90® C., in 32 hours at 85® C., in 12 days at 80® G., and in 
40 days at 75® C. It was not completely inactivated when held for 70 
days at 68® C. Virus in juice of mosaic-diseased tobacco plants diluted 
1: 20 with water was completely inactivated in one minute at 92® C., in 
ten minutes at 88® C., in 70 minutes at 85® C., in 13 hours at 80® C., in 72 
hours at 75® C., and in 20 days at 68® C. 

Tables giving measurements of virus concentration after heating for 
different periods of time at the same temperature and for different tem- 
peratures for the same length of time are presented in the text. These 
measurements indicate that inactivation of tobacco-mosaic virus by heat is 
a gradual process that goes on more rapidly at first than after partial 
inactivation has occurred. 

Time-temperature curves for inactivation of mosaic virus in undiluted 
juice and in juice diluted 1 : 20 with water were drawn on semilogarithmie 
paper and are presented in the text. They show the time required for com- 
plete inactivation of virus at temperatures between 68® and 96° C. 

Thermal death-point determinations made with virus in juice diluted 
with water and in juice diluted with extract of healthy tobacco indicate 
that inactivation of virus is influenced by concentration of virus and con- 
centration of solids in the dispersing medium. 

From the Department of Animal and Plant Pathology of 
THE Rockefeller Institute for Medical Research, 

Princeton, New Jersey. 
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LEAF SCORCH OF NARCISSUSV 

D 0 ]sr B . C R E A E R 
(Accepted for publication, Oct. 13, 1932) 

A disease tliat causes premature death of narcissus leaves ivas brought 
to the attention of the writer in the summer of 1929 (Fig. 1). In general, 


Pig. 1. Narcissus leaves (var. Sir Watkin) destroyed by leaf scorch; natural in- 
oculation. 


it appears that the Leedsii and Polyanthus types of narcissus are most 
severely affected, but the disease is known to occur also on nearly all of the 
other types. Among the commercial varieties commonly infected are. Sir 
Watkin, King Alfred, White Lady, Queen of the North, Laurens Koster, 
Orange Cup, Early Perfection, and Victoria. The disease occurs also on 

1 Published as a contribution from, a cooperative project on the diseases of flowering 
bulbs maintained by Cornell University Agricultural Experiment Station and the Division 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U. S. Department 
of Agriculture. Thanks are due Dr. Freeman Weiss, Pathologist, U. S. Department of 
Agriculture, for suggesting the problem; Dr. F. A. Wolf, Duke University, and Dr. L. 
M. Massey, Cornell University, for aid in preparing the manuscript; and to Drs. W. H. 
Weston, Jr., and D. H. Linder for information concerning the specimen of Sendersonia 
mrtisii in the Curtis Herbarium at Harvard University. 
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the leaves and scapes of amaryllis (hybrids of Hippeastrum viftatum 
Herb.). 

Fields or portions of fields of narcissus in which the foliage is severely 
affected have a burned or scorched aspect, which has given rise to the name 
leaf -scorch,” as proposed by British phytopathologists, and adopted here. 

Leaf scorch was first reported by Aderhold (1) in 1900 on narcissus in 
Germany, while, apparently, the disease on amaryllis was first noted by 
Dougherty (3) in 1916. For over a decade the diseases on these two sus- 
cepts were not thought to be related, but in 1929, Smith (11) described 
observations and experiments which indicated that the disease on narcissus 
was the same as that on amaryllis. Recent experiments by Feekes (4) 
gave similar indications. 

Leaf scorch has been reported from many places in western Europe, and 
from the United States and Canada ; its distribution is probably coextensive 
with that of narcissus and amaryllis culture. 

The disease is responsible for considerable damage in large fields of 
narcissus grown for the flower and bulb market, since the leaves are killed 
4 to 8 weeks before they normally die. The actual loss resultant from 
premature death of the leaves has not been determined experimentally, but 
growers estimate that the loss in weight of bulbs may be as much as 30 per 
cent or more. Since all food normally stored in the bulb is elaborated in 
the green leaves, this reduction is attributable to partial starvation caused 
by the premature death of the foliage. Ordinarily the disease on narcissus 
does not assume epiphytotie proportions until after the flowering period, 
so that the flowers usually escape infection. In southern regions, however, 
the buds and flowers also may be damaged. 

It seems that no comprehensive study of leaf scorch has ever been made. 
Reports of preliminary studies have been published, but even in these the 
general characteristics of the disease and its causal organism are inade- 
quately described. It is the purpose of this paper to present results of 
observations and experiments as a contribution to a more complete under- 
standing of the disease and the pathogen as it occurs on narcissus in the 
“eastern United States. 

SYMPTOMS 

The initial symptoms of narcissus leaf scorch appear very early in the 
season as yellowish, reddish, or brownish lesions at the tips of the first few 
leaves (Fig. 2, A). These lesions may be evident as soon as the tips have 
reached the surface of the soil, or they may not appear for some time there- 
after. Typically the lesion is confined to the upper 2 or 3 inches of the 
leaf (Fig. 2, B). The older parts of the lesion soon become necrotic and 
often zonate in appearance. The transitional area between healthy and 
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Pig. 2. Symptoms of narcissus leaf scorch. A. Primary lesions at the tips of very 
young leaves and sterile sheaths (horizontal line represents soil surface). B. Primary 
lesions at tips of older foliage leaves. C. Secondary lesions initiated by inoculum from 
primary lesions, leaf to the right bearing primary lesion at tip and secondary lesions 
below. D. Appearance of secondary lesions after leaves have been killed by the disease, 
showing the dark reddish brown scab-like spots as they appear against the lighter grayish 
brown tissue surrounding them. 

diseased tissue is typically yellow. Since these lesions at the tips of the 
leaves are the first to appear, they may be called primary lesions, while 
those brought about by inoculum from primary lesions may be called sec- 
ondary lesions. 

Secondary lesions first appear as minute water-soaked spots character- 
ized by yellow centers, as they age. Soon the centers become reddish brown 
and necrotic as the area of the lesions expands (Pig. 2, C). Secondary 
lesions rarely measure over i in. x | in. and usually remain much smaller. 
The spots may be so numerous and close together as to coalesce. Even- 
tually the tissue surrounding these spots dies and becomes light grayish 
brown. Distributed in this dead tissue, the spots appear as somewhat 
raised, scabby, dark reddish brown areas (Pig. 2, D). These secondary 
lesions cause the greater part of the damage because of their frequency and 
common occurrence on the lower portions of the leaves. The leaves die 
very quickly after the appearance of secondary lesions. 
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Niimeroiis dark pycnidia, wMeh serve as signs of the disease, project 
tliroiigli tlie surface of the necrotic tissne. They are abundantly produced, 
usually in both primary and secondary lesions proper, as well as in the 
light grayish brown, dead tissue surrounding the lesions. 

Since the symptoms of leaf scorch and those of another common disease 
known as fire,'' caused by Botrytis spp., are somewhat similar in that 
both cause premature death of leaves, they may be confused. Moreover, 
both may occur in the same planting and even on the same leal It is 
believed, however, that they may be distinguished with some degree of 
accuracy by the presence of the reddish brown, scab-like spots in the dead 
portions of infected leaves in the case of leaf scorch, and by the absence 
of the scab-like spots in the case of fire. The presence of pycnidia in the 
necrotic areas in leaf scorch and the fuzzy grayish masses of conidiophores 
in Botrytis fire are also of diagnostic value. 

THE PATHOGEN 

Name and Glassification, Leaf scorch is caused by the fungus Btagono- 
spora cnrtisii (Berk.) Sace. It appears that the fungus was first collected 
by Curtis, at Society Hill, South Carolina. It was named by Berkeley and, 
in 1878, described by Cooke (2). Berkeley gave it the name of Render- 
sonia cnrtisii. The description given by Cooke is as follows : 

Render sonia cnrtisii Berk, in herb. Curt. Spoils elongato-ellipsoides 
demum biseptatis, 0.017-0.021 by 0.0075 mm. Ad narcissum. 

Berkeley, also, established the genus Hendersonia, and in the same paper 
Cooke gives the following description : 

Render sonia Berk. Ann. Nat. Hist. Perithecia carbonacea, sporis 
elongatis, bi vel multiseptatis, hyalinis vel coloratis, primo pedicellatis 
demum liberis (Sporocladus corda proparte). 

In 1887, Saccardo (9) separated Berkeley's genus Hendersonia into two 
groups of generic rank on the basis of spore color. The species with hyaline 
spores constituted the new genus Stagonospora, while those with colored 
spores were retained in Hendersonia. Saccardo, therefore, lists the leaf- 
scorch fungus as Stagonospora cnrtisii (Berk.) Sace. 

A very scant specimen collected at Society Hill, South Carolina, by 
Curtis is in the Curtis herbarium at Harvard University. The collection 
is so meager that proper study and comparisons could not be made. 
Sketches of spores on the specimen packet indicate that they consist of 
1 to 3 cells and resemble the spores isolated from narcissus leaves affected 
with scorch. Since no note accompanied these sketches, it could not be 
determined by whom they were made. These sketches and the brief descrip- 
tion by Cooke indicate that Render sonia cnrtisii Berk, is the same organism 
that has proved to be the cause of the leaf-scorch disease. 
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In 1900 Aderhold (1) isolated a fungus from narcissus leaves in Ger- 
many, wMcli he named Phyllostida narcissi^ n. sp. Upon the same leaves 
he also found spores of a fungus resembling those of Stagonospora curtisn. 
Since it is now known that the spores of the leaf -scorch fungus are so vari- 
able, indications are that Aderhold did not have 2 distinct fungi, but one 
and the same organism. The description of the diseased leaves from which 
he isolated F, narcissi also indicates that he was dealing with leaf scorch. 

In recent studies Smith (11) and Peekes (4) recognized the organism 
as Phyllosticta narcissi Ado^vh. but suggested the possibility of its being the 
same as Stagonospora curtisii ' 

A comparative study of the descriptions of Phyllosticta oudemansii by 
Saccardo (10) and Stagonospora narcissi by Hollos (5) occurring on nar- 
cissus, and Phyllosticta sp. by Dougherty (3), P. gemmipara by Zondag 
(12), P/ioma by Kotthoff and Friedrichs (7), and Stagonospora 

sp. by Petrak (8), occurring on amaryllis, has led the writer to believe all 
are identical and are like the narcissus leaf -scorch fungus. 

These differences in opinion concerning the identity of the pathogen 
very probably have been due to its occurrence on two different hosts and 
the variability in size and spore septation. Because of priority the proper 
name of the organism is, therefore, Stagonospora curtisii (Berk.) Sacc. 

Pathogenicity. The pathogen was isolated from leaves, buds, flowers, 
and bulb scales. Isolations were made from the small reddish brown spots 
in green leaves, as well as from dead leaves bearing pycnidia. The organism 
was isolated also from the leaf sheaths near the soil surface, as well as 
from the outer scales of bulbs. 

The pathogenicity of Stagonospora curtisii has been established by 
inoculating narcissus leaves with mycelium and spores. A number of 
freshly wounded and sound leaves of the variety Sir Watkin, growing in 
the greenhouse, were inoculated with mycelium from cultures on potato- 
dextrose agar. In several cases a piece of agar containing the mycelium 
was placed near the bases of the older leaves so that such young leaves as 
emerged subsequently might come in contact with the fungus. Leaves of 
the check plants were wounded or were left unwounded, and sterilized agar 
was placed in the wounds and on the uninjured parts. Bell jars were 
placed over all of the plants to maintain a high humidity. 

Within 24 hours the first symptoms of disease became evident as water- 
soaked areas around the wounds. In 48 hours the centers of the lesions 
had become necrotic and brown and were surrounded by a yellowish area 
almost an inch in length. At the same time yellow areas appeared on the 
side opposite the inoculum on the sound leaves. In 3 days numerous 
pycnidia appeared in the dead areas surrounding the wounds and the 
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lesions extended mneli farther. The lesions of the sound inoculated leaves 
had also enlarged and were necrotic in the centers. After a week the bases 
of the older leaves and the tips of younger leaves that came in contact with 
the blocks of agar containing the organism exhibited typical leaf-scorch 
lesions. Twenty days after inoculation the leaf tips on the inoculated 
plants were dead and dry, while those of the check plants were perfectly 
healthy (Fig. 3, A). A repetition of these experiments in the greenhouse 
and in the field gave similar results. 

A suspension of spores in distilled water was atomized on leaves of a 
variety of Narcissus poeticus growing in the field. A large moist chamber 
was placed over the inoculated plants and another was placed over plants 
near-by to serve as a check. The chambers were removed after 48 hours. 
In 4 days numerous reddish brown spots were faintly apparent on the 
leaves sprayed with spores, while the check plants were entirely free from 
spots. After 10 days the inoculated leaves exhibited the typical spots 
resembling the secondary lesions that occur naturally in the field and 
greenhouse. Four weeks after inoculation nearly every leaf in the spore- 
sprayed plot was dead, shriveled, and dry, while the leaves in the check 
plot were free from infection (Fig. 3, B and C). This experiment, when 
duplicated, yielded similar results. 

A comparative study of the pathogenicity of the 2 organisms isolated 
from amaryllis and narcissus, respectively, has been made. The fungus 
from both sources produced the typical red spots on the leaves of amaryllis 
and the typical leaf -scorch symptoms on narcissus. These results and ob- 
servations verify the conclusions of Smith (11) and Feekes (4), i.e., that 
one and the same organism is responsible for the disease on the 2 suscepts. 

Life history. All evidence available suggests that the fungus over- 
winters in or on the bulbs, and that this is the principal source of inoculum 
for the primary cycle. The organism has not been isolated from bulbs a 
sufficient number of times to establish this point beyond a doubt, but the 
following observations and results of experiments tend to support this 
probability. 

Ninety narcissus bulbs of the variety Queen of the North, whose leaves 
were destroyed prematurely by the leaf -scorch pathogen during the previous 
season, were taken from Long Island, New York, to Durham, North Caro- 
lina. They were planted in soil in which narcissus had never been grown. 
The next season over 100 leaves bore primary lesions. This result confirms 
observations of experienced growers and indicates that the pathogen is 
carried on the bulbs. In another experiment, 90 bulbs of the variety 
Laurens Koster were used, the leaves of which had also been destroyed 
prematurely by the leaf -scorch pathogen during the previous season. One- 
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Fig. 3. Besults of inoculation experiments. A. Narcissus leaves killed at the tips 
as a result of inoculation with mycelium. Check plant at the left. B. Result of inocu- 
lation with spore suspension, photographed four weeks after inoculation. C. Plants used 
as a check against those inoculated in B, leaves heginning to die naturally because of old 
age but entirely free from leaf scorch. 
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half of this number were treated for 2 hours in one-half per cent Formalih 
solution immediately before planting, while the remaining 45 bulbs were 
not treated. Each lot was planted in a row about 2 feet from each other 
in soil in which narcissus had never been grown. The following season 18 
leaves of the nontreated lot exhibited typical primary lesions and by the 
end of May 62 leaves were infected, while not a single primary lesion 
appeared in the lot treated with Formalin. These results indicate that the 
fungus is on or in the tissue of the bulb scales, since infection occurred in 
leaves of the nontreated lot and not in those treated with Formalin. 

It has not, however, been definitely proved that the fungus over- 
winters on the bulbs nor are the form and exact location of the fungus 
during the dormant period definitely known. This is especially true of 
bulbs grown in accordance with present commercial practices, but, undex 
rather unusual conditions, pycnidia and mycelium of the pathogen were 
found growing in the outer scales in the neck region of 2 bulbs. These 
bulbs, with necks and upper halves exposed, were growing in an old natural- 
ized planting in an orchard near Norfolk, Virginia. In another instance 
the dead scales in the neck region of a bulb were broken off and had been 
carried upward in the form of a ring about the growing leaves. At the 
point of contact with the ring of dead tissue a primary lesion appeared on 



Fig. 4. Mycelium of Stagonospora ourtisii (Berk.) Saec. as seen in longitudinal 
section of narcissus leaf. 
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eacli leaf . Upon examining the dead scales, numerous pycnidia and myce- 
lium of the leaf -scorch fungus were found. 

According to Peekes (4), the fungus has been found as a loose, grayish, 
mycelial web over the outer surface and between the scales of dormant 
bulbs. He suggests that the fungus may survive the winter in this form. 
Thus far, the writer has never observed the mycelial web on any bulbs he 
has examined. 

After the dormant period, the new leaves grow out of the bulb and 
come in contact with the dead basal portions of the previous season ^s foliage 
leaves in the neck region. It is believed that the tips of the new leaves are 
inoculated with the pathogen as they pass this region, since lesions are 
usually well advanced when the tips come through the surface of the soil, 
and only a few of the outer leaves bear primary lesions. 

The primary lesions contain numerous, intercellular hyphae of the 
pathogen, which not only grow between the cells of the mesophyll, but even 
penetrate between the epidermis and cuticle (Fig. 4). Commonly, a rather 



from, above, showing the gelatinous matrix and spores oozing out in a cirrus. B. Median 
vertical section through a mature pjenidium produced in a living leaf in the greenhouse. 
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Eig. 6. Spores of Stagmospora curtim (Berk.) Sacc. A. Formed in necrotic areas 
of leaves in the field following natural inoculation. B. Produced by an isolation from 
narcissus, in living leaves of narcissus in the field as a result of artificial inoculation. 

O. Produced by an isolation from narcissus in autoclaved narcissus leaves. D. Produced 
by an isolation from amaryllis in autoclaved narcissus leaves. E. Germinating spores. 

P. Thick-wall resting cells or chlamydospores. 

distinct hyphal mat deyelops between the thick cuticle and the outer cell 
walls of the epidermis: In living tissue the progress of mycelial growth is 
relatively slow, but after the tissue dies growth is very rapid. 
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Pycnidia soon develop snbepidermally in the dead tissue. They appear 
as minute brown or black, papillate, globose bodies. Each pycnidium opens 
by an ostiole at the leaf 's surface through which multitudes of spores ooze 
out in cirrus formation. The spores are embedded in a gelatinous matrix 
and when the pycnidium becomes wet, water is imbibed by the gelatinous 
substance, causing it to swell greatly. As a result the matrix oozes out 
through the ostiole carrying with it all of the spores (Pig. 5). The 
principal agent of spore dissemination is water during rains. Splash- 
ing rain carries spores from the infected areas to healthy areas of the same 
leaf and to other leaves of the same and near-by plants. Wind may aid in 
disseminating spores during rains by carrying spore-laden droplets. Spores 
produced in the primary lesions constitute the inoculum that initiates the 
principal secondary cycles of infection. 

The spores germinate in water within several hours (Pig. 6, E). The 
first obvious change is a marked swelling of each cell and, at the same time, 
the walls may become slightly olive brown. One to several septate germ 



Hig. 7. Entrance of the pathogen into the tissue of the leaf. A and B. Appressoria 
(a) formed at the tips of germ tubes. 0. Young mycelium invading the subcuticular 
region of the leaf, showing the appressorium (a) which formed against one of the guard 
cells of a stoma, the small invasion-hypha (b), which grew from the underside of the 
appressorium and penetrated the thick cuticle. B. MyceUum developing between cuticle 
and epidermis of a leaf, showing the appressorium (a) at the tip of the germ tube, the 
small invasion hypha (b), seen in vertical section, and the typical vesicle (c) from which 
the intercellular hyphae originated. 
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tubes develop from one cell, or from all cells of a spore. The germ tubes 
grow over the surface of the leaf and develop appressoria at their tips 
(Fig. 7, A and B) . Soon a small invasion hypha develops from the under- 
side of the flattened appressorium and penetrates the heavy cuticle. After 
this hypha grows through the cuticle and reaches the outer wall of the 
epidermal cells a more or less enlarged vesicle forms, which is sometimes 
composed of several cells. One to several hyphae grow from the vesicle 
and rapidly develop into an intercellular mycelium (Fig. 7, C and D) . The 
present of the mycelium causes infection and a consequent secondary lesion. 

Secondary cycles of infection also may be initiated by actual contact of 
diseased leaves and flower parts that bear primary lesions with healthy 
parts during damp and rainy weather. 

Secondary lesions are formed abundantly over all parts of the leaves 
and are especially numerous near the base. The mycelium in the leaves 
grows downward toward the neck region of the bulb, as the leaves gradually 
die, and very probably remains alive in the remnants of dead leaves during 
the dormant period of the bulb. It has been demonstrated that a desiccated 
culture of the fungus can remain alive more than a year and that transfers 
will grow vigorously on fresh bulb agar. 

Morphology. The intercellular mycelium in the succept tissue is com- 
posed of septate hyphae the branches of which usually originate immedi- 
ately below the septa (Fig. 4). The hyphae in the margins of the lesions 
may be composed of relatively long cells with no apparent constrictions at 
the septa. In the older portions, however, they may be composed of rela- 
tively short and rounded cells with very prominent septal constrictions. 
The young hyphae are colorless and the older portions gradually become 
dark brown. The older hyphae, in moist tissue, may remain colorless or 
faintly colored for a relatively long time, but finally become darker. 

The mycelium grows well on a number of agar media including potato 
dextrose, and extracts of bulbs of narcissus, tulip, iris, and onion, and of 
narcissus leaves. It has also been grown on autpelaved leaves of narcissus 
and amaryllis. The variations of mycelial growth on the diflerent media 
are not marked. Since a very luxuriant growth developed on narcissus 
bulb agar, resembling that on autoclaved narcissus leaves, the eharaeteristics 
as exhibited on that medium, only, will be described. When very small 
pieces of the mycelium were planted in Petri dishes maintained at room 
temperature (20 to 24° C.), mats of mycelium 3 to 5 cm. in diameter devel- 
oped in 4 days. The mycelial mat was composed of both aerial and sub- 
merged hyphae. Aerial hyphae in mass are always some shade of gray, 
with usually an olive-green or olive-brown tint, and, with age, become 
dark brownish gray. The submerged hyphae in mass are dark olive brown 
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to black. The medium also becomes brownish to black, but is not so deeply 
colored as the submerged hyphae. 

In autoclaved leaves, potato-dextrose agar, and nareissus-bulb-extract 
agar, thick-wall, dark, ehlamydospore-like cells form abundantly in the 
older cultures. One to several adjacent cells, either terminal or intercalary, 
become enlarged, thick- wall and darker brown (Pig. 6, P). They serve 
as resting cells, as evidenced by the fact that under favorable conditions 
they give rise to new hyphae. Sometimes, by repeated division of these 
cells, sclerotium-like bodies are developed. It is believed that in some cases 
these same bodies function in pycnidial formation. 

Pyenidia are globose to appressed-globose and ostiolate (Pigs. 5, B, and 
8, L). When crowded, or when for some other reason unequal pressure 
is exerted on their sides, they may be somewhat irregular. The mature 
bodies are 110 to 275 microns in diameter, the average being approximately 
175 microns. The wall is composed of irregular, compressed, brownish cells, 
which form a layer 2 to 4 cells thick. The inner layer of cells is colorless, 
or nearly so, and the cell walls are much thinner than those toward the 
outside. The thin-wall cells that line the bottom and sides of the pycnidium 
project into the cavity and constitute the sporophores (Pig. 5, B). 

The origin and development of pyenidia have been studied from growth 
on narcissus-bulb-extract agar and autoclaved leaves in Petri dishes. The 
best procedure for tracing pycnidium formation consisted in utilizing strips 
of epidermis attached to slides by means of the natural mucilage in the leaf 
tissue. These slides were placed in Petri dishes lined with several layers 
of water-soaked filter paper, which were then sterilized in the autoclave. A 
bit of mycelium was placed, aseptically, at one end of the epidermal strip. 
Within three days all stages of development from first indications of 
primordia to mature sporulating pyenidia could be observed in these 
epidermal strips. Cotton Blue in phenol and glycerine solution, when used 
as an in toto stain, was helpful in studying the early stages of pycnidial 
formation. 

The origin and early development of pyenidia are rather variable (Pig. 
8). Mlpst commonly the primordium arises from a few adjacent cells of a 
main hypha. Several adjacent cells enlarge and repeatedly divide in all 
planes (Pig. 8, A-C). Inf he early stages they may appear identical with 
the chlamydospore-like cells previously described. Commonly, hyphal 
branches grow from the outer cells of the mass (Pig. 8, B~D). Some of 
these hyphae seem to take part in the development of the fruit-body, since 
they may branch and anastomose with the central mass of the primordium. 
Other branches, originating from cells of the main hypha some distance 
away from the developing pycnidium, may also anastomose with it (Pig. 
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Fig. 8. Origin and development of pyenidia. A. Very early stage of pycnidial de- 
velopment. B. Slightly later stage. 0. Multicellular pseudoparenchymatous stage with 
branches protruding from the mass. D, Later stage with branches protruding, some of 
which are rebranching, turning back and anastomosing with the primordium. E. Pri- 
mordium formed by entwining and anastomosing of short branches at the side of a main 
hypha. P. Several branches entwining and anastomosing to form a primordium. G. Pri- 
mordium in which several hyphae are involved. H. Similar condition in which branches 
from another main hypha have anastomosed with the primordium. I. Branches from the 
original hypha and from another main hypha near-by, anastomosing "with the primordium. 
J. Similar condition, showing curious anastomoses of hyphal branches with the pri- 
mordium, with one another, and with another hypha near-by. K. Hyphal branches from 
the primordium and cells of the original hypha near-by that have rebranched and 
anastomosed with the primordium and with one another to form an intricate- network. 
L. Nearly mature pycnidium. 



784 


Phytopathology 


[Yol, 23 


8, I). Hyphal brandies from the primordium frequently anastomose with 
one another and other hyphae near-by (P%. 8, G-K). The significance of 
anastomoses of these branches with one another and with other hyphae 
some distance away from the primordium proper can not be definitely 
explained, but they may perhaps aid in transportation of food from other 
hyphae to the developing pycnidium. Hyphal branches from main hyphae 
near-by have also been observed to branch and anastomose with cells of the 
primordium (Fig. 8, G-I). It is difficult to determine with certainty 
whether branches from other hyphae have anastomosed with the pri- 
mordium, or whether they have grown from the primordium and fused with 
the near-by hyphae. There is some evidence that both conditions occur. 

Another type of origin different from that described above has been 
observed in which short branches from the main hypha entwine and 
anastomose with one another, the primordium being formed at the side of 
the main hypha (Fig. 8, E). This method of origin is infrequent. 

There is some indication that still another type exists in which several 
main hyphae branch, entwine, and anastomose with one another and grad- 
ually develop into the primordium by growth and multiplication of cells 
(Pig. 8, P). 

According to Kempton (6), pycnidia originate and develop by 2 main 
methods, meristogenous and symphogenous-. The meristogenous method 
resolves itself into 2 modes, simple and compound. In the simple mode the 
pycnidium develops from a single cell or a few adjacent cells of a single 
hypha; in the compound mode, adjacent cells of two or more continuous 
hyphae divide, swell, and sometimes branch, all of which then anastomose 
freely to form a pseudoparenehymatous mass. The type of origin of 
pycnidia of the narcissus leaf -scorch fungus is evidently a modification of 
the simple and compound meristogenous method, varying from one extreme 
to the other. This variable characteristic in pycnidial development is not 
uncommon among the members oft, the Sphaeropsidales. 

Numerous spores are formed on the short sporophores and soon com- 
pletely fill the cavity of the mature pycnidium (Fig. 5). They are exceed- 
ingly variable in size and septation, whether taken from an individual 
pycnidium or from pycnidia that have grown under different conditions 
(Fig. 6, A-C). Successive portions of mycelium from a culture were 
planted on narcissus-bulb agar, another on autoclaved narcissus leaves, 
another on living leaves of plants in the greenhouse under warm humid 
condition, and another on leaves in the field under normal conditions. 
Spores produced on bulb agar, autoclaved leaves, and in living leaves in 
the greenhouse were very abundant, but all were very small, and nearly 
all were unicellular, with bieellular ones occurring rarely (Fig. 6, C). The 
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spores taken from leaves in the field were much larger and the majority 
were qnadricellnlar (Fig. 6, B). BieelMar spores also were present, while 
nnicellnlar ones were relatively rare. The spores produced by artificial 
inoculations in the field were similar to those produced in lesions formed as 
a result of natural infections (Fig. 6, A and B). Examination of various 
collections from the field shows that all these variations of spores may 
occur. Smith (11) also has recognized the extreme variability of the spores 
of this fungus. 

The spores are hyaline, elliptical to fusiform to nearly cylindrical, bluntly 
rounded at both ends, consisting of 1 to 6 cells, usually slightly constricted 
at the septa; spores of 1, 2, and 4 cells are common; those with 3, 5, and 
6 cells, rare; size variable; unicellular spores, 4.5 to 10.2 by 3.2 to 4.8 
microns, average 7.5 by 3.8 microns; bicellular spores 8.0 to 16.0 by 3.2 to 
6.4 microns, average 11.5 by 4.5 microns ; quadricellular spores 13.4 to 28.0 
by 4.8 to 8.0 microns, average 21.0 by 6.5 microns. 

SUMMARY 

This investigation deals with leaf scorch of narcissus, a disease that kills 
part or all of the leaves of susceptible varieties 4 to 8 weeks before they 
should normally die. The disease also occurs on amaryllis. 

The initial symptoms of the disease in narcissus appear as yellowish, 
reddish, or brown lesions that soon develop necrotic areas at the tips of 
the first leaves. Later in the season numerous secondary lesions appear 
as reddish brown spots on leaves near the primary lesions. It is the sec- 
ondary lesions that effect the greater damage. 

The disease is caused by the fungus Stagonospora curtissii (Berk.) Sacc. 

Pathogenicity has been proved by inoculation with mycelium and with 
spores. 

Experimental results and observations indicate that the fungus over- 
winters in or on the bulbs and that this is the principal source of inoculum 
for the primary cycle of infection. 

Numerous pycnidia are produced in necrotic areas of the lesions. Their 
origin is somewhat variable, arising by modification of the simple and com- 
pound meristogenous methods. 

Spores are exceedingly variable in size and septation. Under some con- 
ditions nearly all spores are very small and unicellular with bicellular ones 
occurring rarely, while under other conditions the majority are quadri- 
cellular. 

The principal agent of spore dissemination in the field is water during 
rains. 
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The fungus gains entrance directly through the cuticle after forming 
an appressorium at the tip of the germ tube. An intercellular mycelium 
is formed. 
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OVERWINTERING OP PHYTOMONAS PRUNI ON PEACH 
H. H. Thornbebryi anb H. W. Anderson 
(Accepted for publication November 9/ 1932) 

The overwintering of Phytomonas pruni on peach has been reported by 
Rolfs (6), Roberts (5), Adams (1), Higgins (4), and Dunegan (3) to occur 
in twig cankers. Rolfs (6) also mentioned that in some cases bacteria in 
infected bud tissue were the source of the spring inoculum, Anderson (2) 
presented evidence that the pathogen can survive the winter in diseased 
fallen leaves. Since he obtained negative results in his isolation from 
buds and from overwintering twig cankers he considered old fallen leaves 
as a possible source of inoculum in the spring. On March 22, 1930, a new 
type of twig canker was discovered at Olney, Illinois. This type will be 
referred to below as spring canker^’ to distinguish it from the ordinary 
canker formed during the summer months. 

DESCRIPTION OF SPRING CANKERS 

The spring cankers, developing on young succulent twigs of the past 
summer ^s growth, form water-soaked, slightly darkened blisters about the 
time the first leaves appear. At first they are small, raised areas about 
2 mm. in diameter, but later extend from 1 to 10 cm. parallel to the long 
axis of the twig (Fig. 1, A). They seldom extend more than one-half the 
circumference of the twig but may surround it. The bacteria are limited 
to the cortical tissue (Pig. 2, A). Occasionally, in cankers near the ter- 
minal bud, the infection surrounds the twig and a type of die-back results 
(Pig. 3). Later in the spring the epidermis over the lesion is ruptured 
(Pig. 4) and bacteria are exposed for dissemination by rain and dew to 
near-by leaves. After the epidermis is ruptured the infected tissue, dark- 
ening and drying during summer, results in deep cankers (Fig. 1, B), which 
persist through the following winter. Occasionally, several small separated 
blisters may coalesce to form a single large canker. They develop before 
green shoots are formed in the spring. Under the microscope the infected 
tissue is seen to be invaded intracellularly (Pig. 2, C) by abundance of 
bacteria. These ooze from the cut surface of sections mounted in water, 

SUMMER CANKERS 

The summer cankers on green shoots (Pig. 5) develop later in the sum- 
mer, usually after foliage inf eotion has become established. In 1932, for 
example, they did not appear until mid-August. At first they are water- 

1 Formerly assistant in Pomologieal Pathology, 111. Agr. Exp. Sta. Now with Rocke- 
feller Institute for Medical Research, Princeton, N. J. 
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Pig. 1. Spring cankers on twigs and water sprouts. A. Young specimens collected 
at Villa Eidge on April 1, 1930. B. Note splitting and healing of overwintered speci- 
mens collected at Carbondale and Villa Eidge on May 20, 1930. 
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Fig. 2. Photomicrographs of stained sections. A, Masses of haeteria in the inter- 
cellular spaces of the cortical tissue of a young twig. Dark areas are bacteria. x90. 
B. Bacteria in tissue, x 740. C. Same as A. x 740. D. Same as B. x 90. 


soaked, dark purplish lesions that later dry out and show the characteristic 
sunken canker of darkened tissue. 

primary FOLIAGE INFECTION 

Natural, primary foliage infections in Illinois were correlated with the 
spring cankers during the early springs of 1930 and 1931 by the writers 
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Pig. 3. Primary foliage infection near a spring canker that caused a die-hack of 
the twig. Collected at Urhana on May 12, 1931. 

and in 1932 by the junior writer. Due to the scarcity of cankers in general 
and also the difficulty in locating^ them, it was much easier to find the twig 
lesions after primary infection was evident. However, many cankers were 
found before there was any evidence of foliage infection. 





Fig. 4. Primary foliage infection, shown as dark areas on leaves, located below a 
spring canker at the base of the third shoot from the bottom. Canker has burst open. 


Collected at Villa Ridge on April 14, 1930. 


In 1930, cankers 'were first observed in tbe University of Illinois peach 
orchard at Olney, Illinois, on March 22. At this time the early leaf bnds 
had opened and no evidence of foliage infection was found. On April 1, 
at Carbondale, Villa Ridge, and at Irvington, cankers were found, but 
foliage infections were not evident near the cankers or elsewhere in the 
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orchard. On April 13, at Irvington, 7 leaves with very small spots that 
were quite typical of young lesions w^ere found near a canker, while no 
inf ection could he found elsewhere in this orchard. Microscopical examina- 
tion in the field showed bacteria oozing from the cut surface of one lesion. 
At Villa Ridge, on the 14th, light localized infections were found near 
cankers but none was noted in any other part of the trees. At Carbondale, 
however, on the same day, several cankers were observed but no foliage 
infection was found. At the time of the next observations, April 25, at 
Irvington and Carbondale, and April 26, at Villa Ridge and Olney, pri- 
mary leaf infections were quite evident but only near cankers. The bac- 
teria evidently had spread about one foot from the cankers. By the time 
of the next observations, May 20 and 21, the infection appearing throughout 
the trees prohibited further correlation of initial infection with spring 
cankers. 

During the winter months of 1930 and 1931 the writers examined twigs 
at Urbana and in southern Illinois in order to determine when the cankers 
become evident. The study was carried out in orchards where the disease 
was prevalent the previous summer. On December 18 a careful search at 
Irvington, Carbondale, and Olney revealed no evidence of visible blistery 
cankers. However, the pathogen was isolated from a dead terminal bud 
collected at Olney. Again, at the same places on January 28, no cankers 
were found. On March 13 no cankers were observed either at Irvington 
or at Villa Ridge. On the 14th, at Carbondale, one small spring canker 
aibout 5 mm. in diameter was found on the south side of a water sprout. 
Isolation and microscopic examination the following day showed the 
pathogen throughout the lesion. On the 17th, at Carbondale, and 21st, at 
Irvington, a few cankers were observed without any foliage infection. 
However, on April 22, at Carbondale, 23, at Ozark, and 24, at Villa Ridge, 
primary infections were found near cankers. By May 10 the infections 
had appeared beyond the localized stage centered about cankers. 

OBSERVATIONS ON PRIMARY INFECTION AT IRVINGTON, ILLINOIS, 1931-1932 

An Blberta peach orchard near Irvington, Illinois, has yielded interest- 
ing results on overwintering, as it has always exhibited an abundance of 
bacterial spot. During the winter of 1931, a number of twigs showing 
typical summer cankers were collected and isolations attempted, with uni- 
formly negative results. 

On March 26, this orchard was examined for spring cankers but none 
could be found. Late in April primary infection was observed on a few 
leaves and, on May 24 and 25, a survey was made. From 85 trees, 70 
typical spring cankers were obtained, mostly by examining the twigs near 
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eases of primary infection. Of these 70 cankers, 66 showed bacteria oozing 
from the cut enter hark when examined nnder the microscope, while 4 were 
negative. In addition, 53 tip-injnred twigs that looked suspicions or were 
near primary infections were examined. Of these, 16 showed oozing bac- 
teria, while 37 were negative. Those giving positive results were in most 
cases definite spring cankers at the base of the dead tip. 

In addition to these observations, numerous summer cankers, formed in 
1931, were examined for primary infection in the neighborhood and for 
oozing bacteria. The results were entirely negative. 

experiments with pruned trees 

Further evidence that the source of primary inoculum may be traced 
to spring cankers was gathered at Urbana by a pruning experiment on 6 
Brackett peach trees. These trees had had severe bacterial spot over a 
period of 4 years. Hundreds of summer cankers were marked during the 
season of 1931 for a study of the time of development of these cankers and 
the relation of time of development to possible survival of the bacteria. 
Plates were poured from a total of 221 summer cankers from this variety 
in January, February, and March, 1932. None of these yielded 
monas pruni, a fact that agrees with results of numerous other attempts. 

The 6 Brackett trees were somewhat isolated from the remainder of the 
trees in the peach orchard and the closest susceptible variety was 6 rows 
distant. 

Two trees were so pruned as to remove all 2- and some 3-year-old wood. 
All of the 1931 twigs were removed from the 2 trees, while the other 2 were 
left intact. It was reasoned that if primary infection appeared only on the 
nonpruned trees at the time of the first evidence of infection in the orchard, 
it also could be reasoned that the source of the inoculum was from year-old 
twigs. It was realized that secondary infections would soon appear on the 
pruned trees, but the time and place of primary infection, whether or not 
associated with spring cankers, would give a clue as to the place of over- 
wintering of the bacteria. 

Primary infection in the University peach orchards at Urbana was un- 
usually late in the summer of 1932. The first observed inf ection was on a 
Hale tree on June 2. The nonpruned Brackett trees showed a light leaf 
infection a few days later, with no infection on the pruned trees. Since 
the pruned trees came into leaf a few days later than the nonpruned ones 
and it was thought this might be a factor in primary infection, 10 days were 
allowed to elapse before records were taken. On June 12, a number of 
infection areas were observed in the nonpruned trees where the leaves 
showed a few spots. In most instances the source of the inoculum was 
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evidently from typical spring cankers. Neither of the pruned trees that 
had 2 years’ growth removed showed infection. One of the trees having 
one-year twigs removed also was free of infection. The second had one area 
where the leaves on a single small branch were infected. An examination 
of this branch revealed a canker immediately below the point where a 
twig had been removed. 

E’er 3 weeks following no diseased leaves were found on the 3 trees, while 
extensive secondary infection occurred on the nonpruned trees and the 
infection area on the one pruned tree increased in extent. During the 
latter part of August, diseased leaves were found on all trees. 

It would appear from this limited experiment that the primary in- 
oculum comes from cankers on year-old wood, and that the spring cankers 
rather than the typical summer type of canker constitute the probable 
source. 

ISOLATIONS PROM CANKERS 

Isolations from the spring cankers soon after they were found showed 
abundance of typical colonies of Thyiomonas priini in the plates. Prom 
a total of 530 plates, 265 isolations duplicated, all contained the pathogen 
(Tablel). 

Similar isolations from cankers throughout the following winter and 
spring indicated that there was a great reduction of the number of bacteria 


TABLE 1. — Sumimry of isolation results secured from various specimens of spring 
canhers of peach 


Collection 

Isolation 

Date 

Locality 

Date 

Bpeeimens 

No. Plates 

Results 

3/22/30 

Olney 

3/24/30 

20 

40 

40 + 

3/22/30 

Olney 

3/27/30 

15 

30 

30 + 

3/22/30 

Olney 

4/3/30 

20 

40 

40 + 

4/1/30 

Villa Ridge 

4/3/30 

10 

20 

20 + 

4/1/30 

Carbondale 

1 4/3/30 

'■ 30 . 

60 

1 60 + 

Vl/30 

Irvington 

4/3/30 

40 

'■ '.80 '■ 

80 + 

4/1/30 

Carbondale 

4/7/30 ' 

10 

20 * 

20 + 

4/2/30 

Olney 

4/3/30 

10 

20 

20 + 

4/25/30 

Oarbondale 

4/27/30 

30 

60 

60 + 

4/25/30 

Irvington 

4/27/30 

20 

40 

40 + 

4/25/30 

Villa Ridge 

4/27/30 

30 

60 

60 + 

6/17/30 

Dixon, Ky. 

6/20/30 

10 

20 

+ : '"20 + 

7/2/30 

XJrbana 

7/2/30 

10 

20 

^',,^0-+ : 

3/14/31 

Oarbondale 

3/16/31 

10 

20 

20 + 




265 

530 

530 + 
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in the tissue. From a total of 370 plates, 185 isolations duplicated, one 
showed typical colonies of the pathogen. The organism from a subculture 
of a colony proved to be pathogenic when inoculated by pricks with a 
needle into green Elberta shoots on June 6, 1931 (Table 2). 

TABLE 2 . — Nummary of isolation results from overwintering summer canlcers 


Collection 

Isolation 

Date 

Locality 

Date 

Specimens 

No. Plates 

Eesults 

12/19/31 

Irvington 

12/20/31 

15 

30 

30- 

1/28/31 

Irvington 

1/30/31 

20 

40 

40- 

1/28/31 

Carbondale 

1/30/31 

20 

40 

40 - 

1/28/31 

Tunnel Hill 

1/30/31 

25 

50 

50- 

1/28/31 

Irvington 

2/4/31 

10 

20 

20- 

1/28/31 

Carbondale 

2/4/31 

20 

40 

40 - 

1/28/31 

Tunnel Hill 

2/4/31 

10 

20 

20- 

3/14/31 

Carbondale 

3/16/31 

5 

10 

■ 1 + 

3/14/31 

Villa Eidge 

3/16/31 

10 

20 

20- 

3/14/31 

Irvington 

3/16/31 

15 

30 

30 - 

3/14/31 

Carbondale 

3/20/31 

10 

20 

20- 

3/14/31 

Irvington 

3/20/31 

10 

20 

20 - 

3/14/31 

Villa Eidge 

3/20/31 

15 

30 

30- 




185 

i 

370 

1 + 


Diseased tissue from the cankers that develop on green shoots from 
natural infection during spring and summer (Pig. 5) also was used for 
plating. The cankers were located and labeled on July 10, 1929, at a time 
w’’hen their macroscopic identification was reasonably certain. Isolation 
from 5 on that date proved that bacteria were present in abundance. On 
January 5, 18, 24, 29, February 7, 13, 25, and 28, 1930, all the isolations 
were negative. Similar studies on the same dates with cankers produced 
by artificial inoculation at Urbana likewise developed no typical colonies of 
the pathogen. The inoculations with culture No. 66 were made into young 
green Elberta shoots by pricking with a needle on July 15, 1930. Typical 
lesions containing abundance of bacteria were evident July 25. These 
results agree with those of the junior writer, extending over a period of 10 
years and involving approximately 500 attempts at isolation from summer 
cankers during the winter months. In not a‘ single case was P. primi 
isolated from such cankers after December 1. 

OVEEWINTEEING OF THE PATHOGEN IN CULTUEE 

The pathogen in culture, protected from direct sunlight and rain, sur- 
vived the outdoor winter conditions of 1930-31 at Urbana. Dextrose-beef- 
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extract agar slants, freshly inoculated with a culture of Phytomonas pruni 
were repeatedly exposed about the 1st and 15th of each month from Novem- 
ber to March, inclusive. Transfers from the cultures to sterile slants on 
April 1 showed viable bacteria in all on April 5. There was noticeable 
growth in the exposed tubes during periods when the mean maximum tem- 
perature exceeded 55° P. or 13° C. for 3 days or longer. (The Illinois 


Pig. 5. Caiikers produced from natural field infection on green shoots during the 
summer. Collected November 27, 1930. 

section of The Climatological Data was the source of temperature records). 
In cultures kept in a refrigerator at - 2° to + 2° C. the organism was viable 
after 5 months. The optimum, minimum, and maximum temperatures for 
growth of the bacteria were found to be 25°, 7°, and 38° C., respectively. 
These were determined from 10 freshly inoculated dextrose-agar slants 
incubated at temperatures of 4°, 7°, 12°, 18°, 25°, 32°, 38°, 46°, and 52° C., 
for 10 days. No growth w^as evident outside the range of 7° to 38° C. The 
organism that had been held at 4° C. grew when incu!bated for 3 days at 
25° C., while those at 46° and 52° C. were not viable. Thermograph records 
showed that the temperature varied less than 2° G. throughout the experi- 
ment. The thermal death point was found to be 52° C. 
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OVERWINTERING IN TWIGS 

The pathogen survived the winter of 1931-32 at Yonkers, New York, ^ 
in peach twigs artificially inoculated at intervals of about 2 weeks, from 
November to June, inclusive. Needle-prick inoculations, consisting of 100 
punctures into the cortical tissue of young twigs with culture No. 202, were 
made on November 9, 14, December 3, 15, 1931, January 1, 15, February 3, 
15, March 1, 17, April 3, 15, May 2, 14, June 2, and 19, 1932. One hundred 
pricks with a sterile needle on each of these dates served as controls. On 
February 3, 2 of the inoculations of November 9 near the tip of a twig had 
developed typical blistery cankers about 5 mm. in diameter around the punc- 
ture. On April 15, 10 additional cankers appeared from the inoculation of 
November 9 and one from the February 15 inoculation. By May 22, one 
other canker appeared from the February 15 inoculation. At the last 
Observation, August 18, no other cankers had developed. Thus, from a 
total of 1,600 inoculations, 14, or .875 per cent, developed typical spring 
cankers. However, 12 per cent of the inoculations of November 9 developed 
cankers. All the infections artificially produced were those near the tip 
of the twigs. In no case did infections result from the inoculations into 
2-year-old twigs. 

Primary leaf infections near the cankers were observed on May 22 
when no infection was found elsewhere in the orchard. 

Isolation plates from the leaf spots found May 22 and from the cankers 
on February 3, April 15, May 22, and August 18, all developed typical 
colonies of Phytomonas pruni. The last isolation, however, showed that 
the bacteria in the diseased tissue had decreased considerably in number 
during the summer. Stained microtome sections of the cankers collected 
and fixed on February 3 and April 15 contained bacteria in the diseased 
tissue. 

ISOLATIONS FROM OVERWINTERING LEAVES 

Since the observations made by Anderson (2) indicated that overwinter- 
ing on fallen leaves was possibly the source of the primary inoculum, some 
additional attempts have been made to obtain positive evidence on this 
point. During the winter and spring of 1931-32 isolations of Phytomonas 
pruni, made from fallen leaves as late as February 8, indicate that the 
bacteria may survive in fragments of fallen leaves throughout the winter 
months. No direct evidence that the primary inoculum comes from this 
source, however, has been adduced. 

2 The results of this experiment are included in this paper with the permission of 
the Director of The Boyee Thompson Institute for Plant Research, Yonkers, New York. 
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DISCUSSION 

The spring cankers differ from the summer twig cankers in the time of 
their development, appearance, and infection. The former develop on the 
tip portion of overwintering twigs and on water sprouts before green shoots 
are produced, while the latter develop only in the green tissue of the shoot. 
Inocnlations of overwintering twigs thronghont the spring until June 15, at 
the time when green shoots were susceptible, indicated that they were resis- 
tant. The twig inoculations during the fall and winter of 1931-32 showed 
that the pathogen, if introduced by puncture, can survive the winter in the 
twigs and produce typical cankers the following spring. The summer 
cankers develop from infections usually after foliage infection is well estab- 
lished. Both types of cankers contain abundance of bacteria when they 
are first formed, but during the summer they dry considerably and there 
is a marked diminution of bacteria. Throughout the following winter and 
spring it is difficult to isolate the pathogen from either type of canker. 
This difficulty has already been mentioned by Anderson (2) and Dunegan 
(3). The overwintering cankers of either type are not considered to be 
the principal source of inoculum for primary foliage infection. The cank- 
ers shown by Dunegan (3) in figure 6, B, appear quite similar to those in 
figure 5, which are known to develop early in the spring. Only the early 
stage of the spring cankers supply this inoculum. 

Why Phytomonas pruni does not survive the summer in twig cankers 
may be explained from the conditions found in stained microtome sections. 
Very shortly after inoculation the host reacts by walling off the infected 
area by the formation of corky layers of cells, distinctly visible in all sec- 
tions of cankered twigs (Fig. 2, B and D). If invasion occurs outside this 
layer, due to extreme activity of the bacteria, a second layer of cells forms 
(Fig. 6, A), and this process is repeated until the bacterial areas are suc- 
cessfully isolated. Any canker visible to the naked eye during the growing 
season is thus effectively separated from the active cortical tissue. 

As the growth of the host tissue ceases in the late autumn any invasions 
resulting from late infections are not so isolated and may continue to 
develop additional bacterial cells and remain in intimate contact with the 
cortical cells. In the early spring before the host cells start division, the 
masses of bacteria invade the cortical region by the formation of zoogloeal 
masses, as described by Nixon and others in the case of Erwinia amylovora. 

The older basal portion of the twig is more resistant to invasion than 
is the apical area. This probably is due in part to the fact that the stomata 
are older and less active and, in part, to the presence in the older portion 
of a phellem layer beneath the epidermis, which walls off the cortex against 
external invasion. The resistance of the overwintered twigs to invasion. 
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even when the cortex is punctured, may he explained by the compact and 
relatively inactive character of the cortical cells. Cankers have not been 
observed to develop on 2-year-old twigs. Also, infections failed to develop 
from inoculations into these twigs. 

The incubation period for twig infections was found by Rolfs (6) to 
be from 4 to 10 days. Dunegan (3) found that it varied from 7 to 12 
days and that cool weather prolonged the incubation period in leaf infec- 
tions to 25 days. In twig inoculations throughout the past winter the 
period was prolonged to 86 and 157 days in the November 9 inoculations 
and from 59 to 96 days in the February 15 inoculations. The pathogen in 
culture remained viable when exposed to outdoor winter conditions and to 
ice-box conditions of -2® to +2° 0. for 5 months. In a typical leaf lesion 



Fig. 6. Photomicrograplis of stained sections. A. Secondary invasion, walled off 
by new layers of cambium, x 90. B. Bacteria in an Elberta leaf two months after 
inoculation in the greenhouse, x 740. 
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that developed in the greenhouse 2 months after inoculation, bacteria were 
visible in stained microtome sections. (Fig. 6, B.) During the incubation 
period was prolonged to 86 and 157 days in the November 9 inoculations 
rather low. 

The temperature throughout the winter and spring appears to determine 
the time of development of spring cankers into visible lesions. Their 
appearanee in southern Illinois seemed to be correlated with a mean maxi- 
mum temperature of about 12° C. (53.6° P.) or higher for 5 or 6 days. 

The time of twig infection is probably during rains before the infected 
leaves drop in the fall After the organism has become established in the 
cortical tissue temperature seems to be the controlling factor for determin- 
ing the incubation period. Noticeable lesions may not develop for 2 or 
more months after the initial infection, as was found in artificial inocula- 
tions into young twigs. It is believed that infections that become notice- 
able lesions or produce appreciable injury to the twigs before the growth 
is retarded by low temperature are corked ofi and are dried during the 
winter. Only late infections that occur shortly before the rest period of 
the host tissue starts constitute the source of canker bacteria the following 
spring. 

SUMMARY 

Spring cankers, a new type of twig lesions, were found in 1929. They 
develop on the previous summer’s growth and on water sprouts shortly 
after the first leaf buds open. 

Primary foliage infections have been correlated for 3 years with the 
spring cankers. Trees pruned of their 1-year and 2-year twigs, thus elimi- 
nating spring cankers, were not infected until bacterial spot was general in 
the orchard. 

The pathogen was repeatedly isolated in 530 plates from young spring 
cankers. From overwintering cankers only one plate out of 370 developed 
Phytomonas pruni colonies. Isolations from young summer cankers were 
all positive, while those from overwintering cankers were negative. 

The pathogen in culture survived the winter eonditions of 1930-31 
at Urbana and ice-box conditions of -2° to + 2° C. for 5 months. Its opti- 
mum, minimum, and maximum temperatures for growth are 25°, 7°, and 
38° C., respectively. Its thermal death point is 52° C. 

The organism in artificial twig inoculations survived the wdnter con- 
ditions of 1931-32 at Yonkers, New York, and produced typical spring 
cankers the following spring. 

Department of Horticulture, 

Agr. Expt. Sta. 

Urbana, Illinois 
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CONTROL OF GLADIOLUS SCAB 
L . E . Miles 

(Accepted for publication Jan. 6, 1933) 

Studies on tie control of gladiolus scab caused by Bacterium margin 
-were started in tie spring of 1927 by Mr. H. H. Wedgwortb, at that 
time Associate Plant Pathologist for the State Plant Board of Mississippi. 
The results secured by him in 1927 and 1928 were published in November, 
1928, in Mississippi Bulletin No. 261, entitled Investigations on Diseases of 
Vegetable and Ornamental Plants. The writer took up the project in the 
fall of 1928 at the point where it was left by this publication. Four ad- 
ditional years of work have been devoted to it, so that it is now felt that 
fairly conclusive statements can be made relative to the control of this, the 
most prevalent disease of the gladiolus. 

When this project was undertaken by Mr. Wedgwortb, and, likewise 
when it was taken up by the writer, no work on a sufficiently comprehensive 
basis had been done with respect to it, so that, in consequence, there was 
great diversity of opinion as to the value of disinfection of gladiolus plant- 
ing stock. When disinfection was practiced or attempted, the methods and 
materials used were even more varied and various. Treatments reported to 
the author as having been used with differing degrees of success have ranged 
all the way from coal soot through sulphur, the organic mercury dusts to 
liquid treatments such as Semesan, bichloride of mercury, and even to soap 
suds. 

It was therefore considered desirable to secure some definite information 
as to the relative efficiency of at least some of the most promising from this 
multiplicity of materials and methods. With that end in view, the work 
begun by Mr. Wedgwortb was continued and on a more comprehensive basis. 

SOURCE OF MATEEIALS 

Letters explanatory of our plans and purposes were addressed to gladi- 
olus growers in all sections of the country requesting their cooperation by 
donation of both diseased and healthy corms. A very hearty response was 
received to these requests and a large number of corms representing all de- 
grees of infection was secured. The average condition of the diseased corms 
as used in the following tests with respect especially to the infection present 
is shown in figure 1. Many varieties were represented, but fortunately a 
large enough number of a single variety was usually available to make up 
the more important test plats. The author wishes here to express his thanks 
to all growers who rendered such invaluable assistance. 


8Q2 






Fig. 1, Average conditions of eorms planted in these tests as moderately or severely 
infected "with scab. 


Materials used in the treatment of eorms and soil were in most cases con- 
tributed by the manufacturers. Thanks also are due to these companies for 
their generous cooperation. 


EXPERIMENTS ON CONTROL OF GLADIOLUS SCAB BY CORM TREATMENT 

In 1929 a test was designed to show the relative efficiency of various 
lengths of treatment with corrosive sublimate, Semesan, and formaldehyde. 
A single variety, America, was used in this test. The lengths of time of treat- 
ment for each of the disinfectants were 6, 8, 12, and 16 hours. The number 
of eorms in each treatment was 125, and the test was repeated once, making 
a total of 250 eorms per treatment. The eorms were treated on March 18, 
1929, and planted on the following day. Table 1 gives a summary of the 
results secured. 

Examination of table 1 reveals that most efficient control of scab was 
secured from the 12-hour soak in meeuric chloride, followed next in order 
by the 8-hour soak, with the 16-hour treatment period only shortly behind it. 
The 6-hour period apparently was too short to give efficient results with this 
material. On the other hand, with Semesan, the 6-hour treatment gave the 
largest number of clean eorms of any time period used. It was, however, 
below all treatments with bichloride of mercury except the 6-hour period. 
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TABLE 1 . — -JEffect of length of treatment with MgCl^, Semesan, and formaldehyde, 1929 


Treatment 

Length 
of time 

Germina- 

tion 

Increase 

Glean 

Scabbed 


Ers. 

Per cent 

Per cent 

Per cent 

Per cent 

HgCi, I-IO'OO 

6 

96.0 

92.4 

57.7 

42.3 

Semesan 1-400 


92.8 

101.4 

84.1 

15.9 

Formaldehyde 1-240 

6 

92.0 

27,.6. 

32.0 

68.0 

HgCb 1-1000 

8 

97.5 

102.6 

91.8 

8.2 

Semesan 1-400 

8 

90.4 

106.0 

77.7 

22.3 

Formaldehyde 1-240 

8 

100.0 

23.0 

64.9 

35.1 

HgCb 1-1000 

12 

95.2 

111.2 

97.5 

2.5 

Semesan 1-400 

12 

88.8 

127.6 

83.3 

16.7 

Formaldehyde 1-240 

12 

94.9 

33.2 

28.1 

71.9 

HgCL 1-1000 

16 

92.8 

64.0 

89.8 

10.2 

Semesan 1-400 

16 

96.0 

100.7 

' 76^0 

24.0 

Formaldehyde 1-240 

16 

92.3 

25.4 

41.7 

58.3 

Check 


96.4 

48.7 

6.5 

93.5 


Formaldehyde ranked far behind both these in the percentage of clean 
corms and was decidedly inefficient. 

When the percentage increase in crop is considered, it is found that it 
follows in the main the percentage of clean corms harvested. Some varia- 
tions do occur, as, for instance, the fact that the largest increase in crop 
i® produced by the 12-hour treatment with Semesan, while that treatment 
ranks fifth in the percentage of clean corms produced. Formaldehyde pro- 
duced even a smaller increase in crop than did the untreated lots, although 
the percentage of clean corms was very decidedly larger. Results shown 
in this table confirm the conclusion reached by Wedgwwth that formalde- 
hyde should not be recommended for the treatment of gladiolus corms 
against scab. 

In 1930 an additional supply of corms was secured from growers and a 
comprehensive lot of tests designed and planted. A very severe and pro- 
longed drought occurred, however, and affected the plats so severely that 
no results were secured. The dry period began just as the plants were be- 
ginning to bud and affected them to such an extent that many died in the 
field without blooming. Others bloomed but later died without making a 
new corm. Such corms as were harvested were almost entirely free of scab, 
regardless of the treatment received by the particular plat from which they 
came. It was evident, therefore, that the unusual weather conditions: had 
held the disease in check to such an extent that all treatment results were 
vitiated and rendered worthless. 

The 1930 series of tests were, therefore, in large measure, repeated in 
1931 (Fig. 2). The 1930 crop of corms, being largely disease free, as a 
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Fig. 2. A partial view of the 1931 gladiolus-seab-eontrol test plots, giving some idea 
of their extent. 

result of the weather conditions referred to above was carefully sorted and 
used chiefly for checks, and new diseased materials were secured from the 
growers who had cooperated in previous years. In table 2 are presented 
the results of a test of the efficiency of bichloride of mercury, and the sub- 
stances Calogreen and Semesan. Calogreen is a mercurous mercury com- 
pound, being in fact, a form of calomel. The corms were treated and planted 
on March 11 and 12, 1931. The variety, Ida Van, was used. Each treat- 
ment consisted of 100 corms and the treatments were replicated 4 times, 
making a total of 2,400 corms in all in the test. 

This test shows Calogreen standing far in advance of any other material 
in its efficiency in scab control. Commercially, the corms harvested from 


TABLE 2 . — Gladiolus corm treatToents witTi SgCl^, Calogreen and Semesan, 1931 


Treatment 

Concen- 

tration 

Time 

Increase 

Clean 

Scabbed 




Per eeni 

Per cent 

Fer cent 

Cheek (diseased) 



28.5 

6.4 

93.6 

ligCL 

1-1000 

8 hrs. 

111.4 

87.2 

12.8 

Calogreen 

1 Ib.-lO 1. 

5 min. 

190.0 

98.1 

1.9 

Semesan 

10Z.-121. 1 

5 min. 

108.9 

78.8 

21.2 

Cheek (clean) ; 



141.7 

96.3 

3.7 
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the plat treated with this material would have been considered 100 per cent 
clean and the increase in the weight of crop harvested was far beyond any 
other treatment, although the clean cheek gave an abundant harvest. Bi- 
chloride of mercury and Semesan ranked very much the same as they had 
done in previous tests but both were much less efficient than was Calogreen. 

Another test was planned to try out the efficiency of C^pgxem^at differ- 
ent concentrations. The rate previously tested, 1 pound to 10 liter s of water, 
was used again, and with it was compared a concentration only one-half as 
great, namely, i pound to 10 liters of water. In this test was used also an 
organic mercury product designated as 80~A, provided for the purpose by 
the Bayer-Semesan Company. It was used at the rate of 1 pound to 12 liters 
of water. Calogreen and 80'-A formed thick suspensions and the corms were 
allowed to remain in them for a period of 5 minutes. Frequent agitation 
was practiced to keep the materials thoroughly in suspension and to assure 
that all the corms were completely in contact with the chemicals. All of 
these short soaks were again checked against a soak of 8 hours in a 1-1000 
solution of bichloride of mercury, which was used throughout all of these 
tests as a standard for comparison. Diseased corms only were used as a 
check. One hundred corms of the variety Le Marechal Foch were used for 
each treatment. The treatments were quadruplicated, thereby making a 
total of 2,000 corms in the entire test. A summary of the results secured 
is presented in table 3. 


TABLE 3 . — Summary of short scale treatments compared with 8-hour soale in 1-1000 
MgCk, 1931 


Treatment 

Concen- 

tration 

Time 

Clean 

Severe 

scab 

No. 1 

Check (diseased) 




Per cent 

0.0 

Per cent 

91.1 

Per cent 
13.2 

HgCl, 

1-1000 

8 brs. 

80.8 i 

3.4 

40.8 

Calogreen 

llb.-lOl. 

5 min. 

96.8 

0.0 

71.0 

Calogreen 

0.5 Ib.-lO 1. 

5 min. 

90.5 

0.9 

63.2 

80-A 

1 lb.-12 1. 

5 min. 

61.2 

22.7 

23.8 


Both concentrations of Calogreen gave efficient control. The stronger 
concentration, however, gave a higher percentage of clean corms and also 
a greater number averaging No. 1 in size. The product, 80-A, did not give 
efficient control of scab at the concentration used. This test agrees with the 
one previously reported in placing Calogreen first in rank in efficiency of 
all materials tested. 
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The next test to be reported consisted of a comparison of 2 treatments 
with a substance sold under the trade name Calochlor, using again an 8- 
honr soak in a 1-1000 solution of bichloride of mercnry as a standard for 
comparison. Calochlor y reported to be a mixt ure o f mecurons a^d mecnric^ 
chlprides. It was used at a concentration of 3 ounces water. 

One lot of corms was soaked for 5 minute s/^^d^an^E^*”^^ 30 minutes. 
Almost constant agitation was necessary to keep the Caloehlor in suspension. 
The variety Alice Tiplady was used in this test, at the previous rate of 100 
corms per treatment. The treatments were again quadruplicated, making 
a total of 1600 corms in this test. The results secured are summarized in 
table 4. 


TABLE 4 . — Comparison of 3-hour soak with MgCl^, 1-1000, with Caloehlor, B-mmute 
dip and SO-minute soak, 1931 


Treatment 

Concen- 

tration 

Time 

Clean 

Severe 

scab 

N 0 .I 

Check 



Ter cent 

2.1 

Ter cent 

93.8 

Ter cent 

14.1 

HgCL 

1-1000 

8 hrs. 

91.1 

1.2 

83.0 

Caloehlor 

3 OZ.-5 gals. 

5 min. 

62.0 

19.2 

44.1 

Caloehlor 

3 OZ.-5 gals. 

30 min. 

69.9 

17.7 

33.8 


Neither of the Caloehlor treatments shows in this test a sufficiently high 
degree of eflSicieney to warrant its furthen.user ~ G ermi was . delayed 

and the flower spikes were^shOTfmMSbLan in any other plot in the entire series 
of tests. This was especially marked in the 30-minute-soak treatment. 

Eeports from various sections of the country have indicated that a short 
soak with a solution of Gold Dust has sometimes given effective control of 
scab. Others have reported that a 2-hour soak in a solution of acetic acid 
has been satisfactory. It was, therefore, thought advisable to test these 2 
methods against the 8-hour soak in 1-1000 bichloride solution. The Gold 
IJ'Spd at the rate of 6 ounces to 10 liters of water and iSe^'^me 
period set at 45 minute s. whi^^^S’*TlSra^®oinise between the 30-minute 
and 1-hour periods seemingly in most frequent use. ^cetic acid of 56 per 
cent concentration was used at the rate of 8 pounds to 50 gallo ns of water 
for a period of 2 hours. 100 corms of a single variety, Evelyn Kirtland, 
were used in each treatment, and the test was triplicated, making a total of 
1200 corms in all. The summary of results secured is presented in table 5. 

Examination of the table will show that both^ani^ ic acid and Gold Dust 
proved decidedly inefficient in this test, the harvested crop of corms being 
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TABLE -hour soak m 1-1000 MgClz, B-hour soak in acetic add, and 45 -minute 
soak in Gold Bust, 1931 


Treatment 

Concentration 

Time 

Clean 

Severe 

scab 

No.l 

Cheek (diseased) 



Ter cent 

0.0 

Per cent 

98.1 

Ver cent 

7.6 

HgCl, 

1-1000 

8 hrs. 

79.2 

7.2 

68.0 

Acetic acid j 

8 lbs. 56%-50 gals. 

2 hrs. 

3.9 

89.7 

17.9 

Gold Dust 

6 OZ.-12 1. 

45 min. 

1.4 

92.3 

22.8 


in but little better condition than that from the noiitreated diseased check 
plat. The Evelyn Kirkland eorms used in this test were small, mostly num- 
bers 2 and 3, and were very severely scabbed. Even at that, however, the 
8-hour soak with 1-1000 bichloride gave a fairly clean crop. 

Having available a considerable quantity of eorms in relatively small 
number, that is, varying from 100 to 500 eorms per variety, a test was 
designed to determine whether there was a possible difference in response 
to a particular treatment between different varieties. Seven varieties were 
divided into lots of 100 eorms each, the number of such lots varying with 
the number of eorms of the variety available. Each lot of 100 eorms was 
again divided into 2 lots of 50 eorms each. One of these was not treated, 
and the other was treated for 5 minutes in a solution of Calochlor, made up 
at the rate of 3 ounces to 20 liters of water. 


TABLE 6 . — ■Varietal response to 5 -minute soak in Calochlor, S ounces to BO liters, 19B1 


Variety 

Treatment 

Number of 
lots 

Clean 

Severe 

scab 

Le Marechal Eoch 

Check 

1 

Per cent 

3.6 

Per cent 

88.9 

(C ti (( 

Treated 

1 

70.0 

13.9 

Los Angeles 

Check 

8 

1.1 

93.9 

(C K 

i Treated 

8 

59.8 

19.9 

Merton W. Wentworth i 

Check 

1 

0.0 

100.0 

. f (C i 

Treated 

1 

48.2 

26.1 

Mildred Adeline 

Check 

1 

8.1 

79.0 

C ( (< 

Treated 

1 

74.4' 

6.8 

Mrs. Dr. Norton 

Check 

1 

2.9 

87.8 

C£ { ( (( 

Treated 

1 

60.7 

20.1 

Myra 

Check 

6 

3.1 

79.9 

a V . 

Treated 


66.2 

':'a7.6 

Myrtle 

Check 

1 

1.2 

91.0 

cc 

Treated 

1 

684 

16.7 
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In this case the choice of the disinfectant proyed an unfortunate one. 
Calochlor, in harinony with the data recorded in table 4, gave unsatisfac- 
tory results as a disinfectant for the control of gladiolus scab. It would seem, 
however, from this test that there is no marked difference in the response of 
different varieties to the action of the disinfectant. As in a previous case 
where Calochlor was used, all varieties showed delayed germination and a 
stunted condition of the plant, which was never overcome. When the corms 
of the Merton W. Wentworth variety were examined after harvest, it was 
found that a considerable number of them were affected with Fusarium rot, 
in addition to scab. The presence of this additional disease may be in part 
responsible for the low percentage of clean corms secured in the case of this 
variety. 

A second test, similar to the one just recorded, included only 6 varieties. 
The treatment consisted of a 5-minute soak in a suspension of Calogreen 
made up at the rate of 1 pound to 10 liters of water. Itesults are recorded in 
table 7. 


TABLE 7 . — Varietal response to 5-minute soak in Calogreen, 1 pound to 10 liters, 1931 


Yariety 

Treatment 

Number of 
lots 

Clean 

Severe 

scab 

Myrtle 

Cheek 

1 

Per cent 

2.0 

Per cent 

92.1 

<( 

Treated 

1 

97.3 

0.0 

Rose 1910 

Cheek 

2 

0.0 

87.3 

a n 

Treated 

2 

93.9 

0.0 

Odin 

Cheek 

3 

6.5 

81.6 

a 

Treated 

3 

99.2 

Q.o 

Pink Beauty 

Check 

6 

0.0 

100.0 

H i ( 

Treated 

6 

92.0 

0.0 

Sckwaben 

Check 

5 

1.3 

90.6 

( ( 

Treated 

5 

94.9 

0.0 

Souvenir 

Check 

2 

10.1 

69.3 

it 

Treated 

2 

98.3 

0.0 


In this case, again, C alogree n proved to be very efficient. The most 
severely infected corm iiTany ot tlie id’^tfeaTed' wfthrlT^^ be 

passed by the commercial grower as perfectly clean. No eorm treated with 
Calogreen at the rate of 1 pound to 10 liters of water has been found in any 
of these tests that has been either moderately or severely infected with 
scab. 

Taking into consideration the results secured in the last 2 tests recorded, 
it may be reliably concluded that there is no difference in the response o|^ a 
particular variety to theaction^"t1E"'^’isinIe5^^ 
varieties has been tested with no evidence of such response. 
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Having some land available on wbieh diseased gladioli had been grown in 
previous years, some tests were designed to get some information regarding 
a possible effect of disinfectants added to the soil about the corms on the 
prevfi.nti on of infection bv the soihborne organisms . ' The plots chosen were 
two in which diseased crops of corms were grown in 1928 and 1929, re- 
spectively. No gladioli were ever grown in either of them except the crop 
hereinbefore mentioned. 

namely. Calochlor, Calogr^r^^ ^^^ TandHme. The latter was used 
because of^ claim male’ by a grower that he had repeatedly grown a clean 
crop of corms on infested soil by adding lime to the soil in the row. Pour 
24 ft. rows constituted a single plot. One row between each 2 plots and one 
oil the outside of the end plots, 5 rows in all, left untreated, constituted the 
check plot. The Calogreen, Calochlor, and Semesan were applied at the rate 
of 6 ounces per 1000 feet of row, or 21,8 grams per 24-foot row. The lime 
was applied at the rate of 2 tons per acre, or 2.2 pounds per 24 foot row. 
The disinfectants and lime were mixed with the soil immediately adjacent 
to and above the corms. A total of 25 varieties W’-as used in this test, 50 
corms of a single variety constituting one row. All corms were severely 
infested with scab and all were, soaked for 8 hours in a 1-1000 solution 
of bichloride of mercury. Eesults of the tests are summarized in table 8. 


TABLE 8 . — Treatments of infested soil. Bcab'by corms treated S-hours in 1-1000 
EgC%,19Sl 



Diseased crop in 1928 

Diseased crop in 1929 


Glean 

Severe scab 

Clean 

Severe scab 

Caloclilor 

Fer cent 

88.3 

Per cent 

4,0 

Per cent 

79.9 

Per cent 

7.1 

Calogreen 

95.1 

0.0 

91.3 

0.3 

Lime 

31.0 

24.2 

40.1 

37.6 

Semesan 

63.2 

11.6 

58.9 

15.2 

Ho Soil Treatment 

48,8 

26.3 

45.0 

30.9 


Examination of this table reveals that soil infestation from both the 1928 
and 1929 crops is abundantly in evidence. The percentage of clean corms 
on the soil that received no treatment is much lower than that to be expected 
from an 8-hour soak in 1-1000 bichloride of mercury, when the corms are 
grown in clean soil. The percentage of severely scabbed corms is much 
higher than when similarly treated corms are grown in soil where gladioli 
had not been grown previously. There also some evidence to show that 
soil infestation is somewhat greater on soil where the diseased crop was 
grown most recently. 
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L ime in eontrolling infection from soil-borne organisms. 

In fact, in both, eases the percentage of clean corms was smaller on the 
limed plot than on the plots that received no soil treatment. The excess 
amount of lime present also retarded the growth of the plants and greatly 
reduced the yield. Calochlor and Semesan were apparently somewhat efEec- 
tive in reducing infection from the^oiT, although Calochlor w^'liiueh the 
less efficient of the two. Calogreen would seem to have been extremely 
efficient in preventing such mfectioru The percentage of clean corms was 
as high as, or even higher than, v/ould be expected to have resulted from the 
8-hour soak in bichloride of mercury, even when the crop is grown on dis- 
ease-free soil. 

A nother test was designed to determine the efficiency of the same 
materials in preventing infection from soil-organisms when clean corms 
were used. The soil chosen was that on which a diseased crop had been 
grown in 1929. In this test 100 corms constituted a row. The soil in 2 
rows was treated with one of the materials and that of the next 2 rows was 
not treated and served as a checE^'Thesml of the next 2 rows was treated 
with another of the materials, with the corresponding pair of rows as a 
check, and so on throughout the test plot. The materials were applied to 
the soil at the same rate as in the preceding test. The variety, America, 
was used for the Calogreen-treated plot and its> corresponding check, and 
■Chicago White, E. J. Shaylor, and Sunbeam for the lime, Calochlor and 
Semesan plots, respectively. The data secured are recorded in table 9. 


TABLE 9 . — Treatments of infested soil, 19S1, Corms clean, nontreated 


Treatment 

Clean 

Severe scab 


Ter cent 

Per cent 

Calogreen 

72.3 

8.6 

Lime 

8.8 

63.0 

Calochlor 

58.0 

20.7 

Semesan 

22.1 

40.7 

Cheek 

16.2 

48.1 


Examination of table 9 reveals the fact that a heavy soil, inf es tation was 
present in the plots, as shown by the high percentage of severely scabbed 
corms harvested, even though apparently disease-free corms were planted. 
Again, the liined plot yiel ded more severely infected and fewer clean corms 
than did the nontreated, check plot. Both Semesan and Calochlor proved 
relatively inefficient in preventing infection from soil-borne organisms, 
when applied to the soil; and again, Calogreen showed its versatility as a 
disinfectant for use against gladiolus scab. It yielded by far the highest 
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percentage of clean corms of any treatment tested and likewise the smallest 
nnmber of seYerely scabbed corms. It would seem, therefore, that Calo- 
green, applied to the soil immediately adjacent to the corm, might haye an 
important place in scab control for the small grower whose aYailable land is 
too limited to allow of proper rotation to avoid the nse of infested soil. 

EXPERIMENTS ON SPRAYING AND DUSTING EOR SCAB CONTROL 

Since many growers have reported excellent results from the use of 
Bordeanx-mixture sprays and copper-lime dusts in the control of scab and 
other diseases of the gladiolus, it was considered advisable to test these 
methods of procedure. The writer used a 4-6-50 Bordeaux mixture, 
consisting of 4 pounds of copper sulphate, 6 pounds of hydrated lime, and 
50 gallons of water. Since the gladiolus leaf is smooth and of such texture 
that spray does not readily stick to it, a spreader, composed of resin fish 
oil soap at a rate of 3 pounds to 50 gallons of spray, was added. The 
spreader gave the spray liquid excellent sticking and spreading qualities 
and was quite efficient. The dust applied was a home-made product con- 
sisting of 20 per cent monohydrated copper sulphate and 80 per cent of 
hydrated lime. 

Three plots of 400 corms each of the variety Pink Beauty were used for 
this test. One plot was sprayed at intervals of 2 weeks with Bordeaux- 
mixture, beginning when the plants were 4 to 6 inches above the ground. 
Another plot was dusted with copper-lime dust on the same dates, and the 
third, a nontreated plot, served as a cheek. Six applications of both spray 
and dust were given, the last being shortly after the blooming period but 
before the plants had begun to turn yeUow. The dust was applied in the 
early morning, while the plants were wet with dew. The variety Pink 
Beauty was chosen for this test because in previous years it had shown 
probably more foilage infection than had any other variety observed. The 
corms were all severely infected and averaged No. 2 in size. They were 
planted in soil in which gladioli had not been grown previously. A total 
of 200 corms in each plot was soaked for 8 hours in 1-1000 bichloride of 
mercury, and the remaining 200 were not treated. The results secured are 
presented in table 10. 

jN Examination of table 10 shows that Bordeaux-mixture almost entirel y 
‘ el^x^jn^ated loliage infection on plants from treated corms. When severely 
diseased corms were not treated prior to planting foliage infection was 
greatly reduced but not entirely eliminated. Even on the plants that did 
show foliage infection, the infection was much less severe than on the non- 
sprayed plants. The copp^p4kp£^^ efficient than the 

Bordeaux-mixture spray. It is unfortunate that the test was not repeated 
on land known to be infested with the scab organism. This, however, was 
not done, since such land was not available at the time of the test. It is 
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TABLE 10. — -Spraying and dusting gladioli for scab control, 1981 



i Corms treated 8 hours in 
1-1000 HgCls 

Corms nontreated 

Treatment 

Plants with 
foliage 
infection 

Clean 

corms 

Plants with 
foliage 
infection 

Clean 

corms 

Check (nontreated) 

Fer cent 
28.9 

Fer cent 

73.0 

Fer cent 

88.7 

Fer cent 

b.o 

4-6-50 Bordeaux mixture 

0.9 

84.2 

16.6 

34.6 

20-80 Copper-lime dust 

11.3 

70.3 

52.1 

16.2 


evident from the results secured that spraying, alone, will not give a satis- 
factory control of scab when severely diseased corms are planted, even on 
noninfested soil. More tests must be made before a satisfactory eonplusion 
can be reached as to whether it will be commercially practicable to spray 
plants from corms that have been given an efficient treatment prior to plant- 
ing. 

SUMMAEY 

Calogreen proved by far the most efficient material tested as a disin- 
fectant agent against the scab organism on gladiolus corms. 

A 1-1000 concentration of bichloride of mercury ranked next in effi- 
ciency. A 12-hour treament with this solution gave best results. The 8- 
hour treatment, however, gave almost as good control. 

Semesan, an organic mercury product, was fairly efficient in the control 
of scab, ranking somewhat below bichloride of mercury. 

Formaldehyde, acetic acid, and Gold Dust were decidedly inefficient as 
corm disinfectants. 

Calochlor, although it did reduce the amount of scab to a fair degree, 
delayed germination, retarded growth of the plant, and resulted in a con- 
siderable reduction in the crop of corms harvested. 

There is, apparently, no difference in the response of any particular 
variety of gladiolus to the efficiency of the disinfectant used. 

Calogreen, applied to the soil on land known to be infested, proved 
efficient in reducing infection from soil-borne scab organisms. Calochlor 
reduced such infection but delayed germination and retarded growth. 
Semesan gave but fair protection and lime was decidedly inefficient. 

Bordeaux mixture proved notably more efficient in the prevention of 
foliage infection than did copper-lime dust. 

Department of Plant Patholooy> 

Mississippi Agricultural Experiment Station 
State College, Mississippi. 


POWDEEY MILDEW OF CRAPE MYRTLE CAUSED BY 
ERYSIPHE LAGBRSTROEMIAB, N. SP. 

Ebdman- West 

(Accepted for publication, Dee. 1, 1932) 

Powdery mildew of crape myrtle was first reported^ in the United States 
in 1924 by J. J. Tanbenhans, who found it in 2 counties in Texas. Since 
then it has been reportecP in six other Southern States (South Carolina, 
Georgia, Alabama, Louisiana, Mississippi and Florida) and the District of 
Columbia. The first collection in Florida was made at Gainesville in 1925 
by G. F. Weber, but it has been found subsequently at widely separated 
points and its range in this State is probably coextensive with that of its 
host. Boyd reported it once on Lagerstroemia parviftora in Georgia but all 
other collections have been made on L. indica. 

Although the disease is of variable importance from year to year, it is 
usually prevalent enough each season to cause a conspicuous disfiguration 
of crape myrtle plants. (Fig. 1, A.) This is particularly true of plants 
in shaded situations and in hedges. From Alabama and Georgia we have 
reports of instances where one hundred per cent of the leaves were affected. 
This is unusual, but cases where one third or more of the leaves were mil- 
dewed have been observed frequently in Florida. 

The first indication of the presence of the fungus occurs in early spring 
before the new shoots are more than a few inches long. At this time a few 
abortive shoots are found projecting barely beyond the bud scales and cov- 
ered with a white coating of conidia. (Fig. 1, C.) These minute deformed 
shoots are very inconspicuous and easily overlooked. They serve as the 
foci for the general infection of the plants. They also indicate, in all prob- 
ability, how the fungus is able to overwinter without the interpolation of a 
perfect stage in its life history. Protected by the bud scales during the 
period that the host is dormant and leafless, the fungus is able to resume 
growth with the advent of spring and the appearance of succulent suscep- 
tible growth on the host. 

The first conspicuous growth of the fungus occurs on the young leaves 
as small, circular, white patches in which the mycelial strands radiate from 
the center. By the time that the spot is a centimeter in diameter, conidia 
are being produced in the center of the spot. After a few leaves or one 

iTJnited States Department of Agriculture. Bur. Plant Indus. Plant Dis. Eptr. Sup. 
42: 349,1925. (Mimeographed). 

2 United States Department of Agriculture. Bur. Plant Indus. Plant Dis. Rptr. 
9: 12, 50, 1925. 10: 22, 1926. 11: 56, 106, 1927. 13: 110, 1929. 15: 103, 1931. 

Plant Dis. Rptr. Sup. 50: 448, 1926. '65: 425, 1928. 73: 387, 1929. 75: 71, 1930. 
(Mimeographed). 
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Pig. 1. A-0. Mildew on crape myrtle. A. Attacked shoot. B. Young shoot cov- 
ered with spores. C. Heavily infected, aborted shoot. D. Healthy shoot. 


shoot has become coYered with the mildew (Pig. 1, B), the whole plant may 
show general infection in a week or ten days under favorable conditions. 
The eonidia are produced in great numbers and the spread of the disease is 
rapid. 

The disease appears first on the young shoots in early spring and con- 
tinues to affect the plants visibly until the flowering spikes appear. With 
the advent of hot weather of midsummer, the disease apparently disappears 
from the plant. However, typical specimens can be found, at this time, on 
young sprouts near the center of the plant and on the foliage near the 
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ground. As fall approaelies, tire disease again appears on the young shoots 
on the outer portion of the plants and also frequently covers the older leaves 
as well. It is present on the plants until the leaves drop in December in 
Florida. 

The plant parts attacked include leaves, young stems, and the various 
parts of the inflorescence. The aflected organs soon become covered with 
a heavy, white, mealy coating, which is quite dusty from the innumerable 
spores present. When infection occurs on young organs, considerable mal- 
formation takes place. Young leaves are stunted before they attain a third 
of their normal size; at the same time they may become abnormally thick- 
ened. Young stems of shoots are stunted, the internodes are short and the 
stems irregular. When the young inflorescence is attacked, pedicels and 
peduncles are shortened and the buds usually fail to open. Quite fre- 
quently the diseased portions of the plant assume an unnatural reddish 
color beneath the white, mealy fungous growth. The diseased leaves and 
buds usually drop in a week or two but diseased stems frequently sprout 
and continue normal growth, especially when hot weather ensues. 

When older leaves and stems become infected, there is little or no mal- 
formation of the organs. The leaves may even remain attached to the stem 
until the mealy coating weathers off, but they iisually drop soon after the 
entire surface has been attacked by the fungus. 

The organism causing crape myrtle mildew belongs to the Erysiphaceae. 
All reports so far published indicate that only the imperfect or oidium stage 
has been found in the United States. In the case of this fungus, as with 
other powdery mildews, the conidial stage is the conspicuous and injurious 
form of the organism. The description given above is that of the disease 
caused by this imperfect stage. However, the perfect stage of the fungus 
has been found once in Florida. 

While the disease had been observed a number of times in Florida in 
1925, no perithecia of the fungus had been observed nor had any particular 
effort been made to find them. Beginning with the first appearance of the 
mildew in the spring of 1926, the writer made frequent and careful exami- 
nations of diseased leaves, stems, and floral parts on a row of crape-myrtle 
bushes growing in the experimental plots of the University of Florida. As 
the season progressed, nothing but the conidial stage was observed. Not 
only were the living infected parts observed, but examinations were made 
of fallen and dead leaves, ripened stems and the inflorescences after flower- 
ing was past. The scanty infection during the hot weather was carefully 
examined, as well as the heavier infection which followed later. 

Observations w^ere continued on the brownish, mycelial coat which per- 
sisted on the older leaves and stems and early in December the ascogenous 
form was found. A single leaf bearing three mature perithecia was found 
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first and a few more before the leaves fell. In spite of exhaustive search- 
ing, no more perithecia have been found since that time, either on these par- 
ticular plants or on affected plants in other localities. 

In the conidial stage species of powdery mildews are not distinguishable 
and until perithecia are found, their exact taxonomic position must remain 
in doubt. The only powdery mildew bearing perithecia on crape myrtle 
has been Uncinula australiana McAlpine, reported only from Australia and 
Japan.® Therefore, previous American collections of powdery mildew on 
crape myrtle have been referred to this species. The perithecia of the 
Florida organism bear no trace of curling at the tips of the appendages, 
such as is characteristic of the genus TJneinula. The appendages in our 
species are short, erect, unmodified at the tip and distinct from the hyphae. 
In general, it resembles some forms oi Erysiphe polygoni DC. in Florida, 
but has much smaller spores that measure only 14-17 [x long and 5-7 p 
broad. Since no previously reported species has been found corresponding 
to these measurements and characteristics, the organism collected in Flor- 
ida is therefore described as a new species. 

Erysiphe lagerstroemiae, nov. sp. 

Amphigenous ; mycelium of two types, one evanescent and the other 
persistent; the evanescent type hyaline, shining and disappearing with the 
decline of the host, 7-9 p in diameter ; the persistent type remaining until 
late fall, septate, light to deep brown, rather thick-walled, frequently 
branched, 4-5 p in diameter, associated with the perithecia. 

Perithecia (Fig. 2, A) widely dispersed, never gregarious, globose, fre- 
quently, although not always, with a slight papilla-like knob on top, about 
90 p in diameter but varying from 80-100 p; cells small, dark, distinct, 
6-8 p in diameter; appendages short, equalling the diameter of the peri- 
thecia in length, 90-110 p long, 7 p in diameter, colored yellow-brown 
throughout, not sharp-pointed, sometimes very slightly enlarged at point 
of attachment, not crowded, 6-15 in number, mostly straight or a few 
slightly flexuous, not interwoven with the mycelium ; the perithecia attached 
at the base by 15-20 strands of brown, septate, flexuous hyphae of the 
persistent type; asci many (Fig. 2, B and C), varying from 10-23, average 
16, small, ovate or broadly ovate, sometimes with a very short stalk, 
30-44 p X 17-20 p ; spores 6-8 usually 8, ovate or longer, broadest in middle, 
14^17 p x 5-7 p; conidia borne in great numbers on evanescent mycelium, 
barrel-shaped, variable, hyaline, 30-34 p x 14-17 p. 

3 Salmon, E. S. A Monograph of the, Brysiphaceae. Torr. Bot. Club Mem. 9 : 1-292. 
p. 118. 1900. 
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Pig. 2. JSrysiphe lagerstroemiae. A. Peritheeium sliowing appendages. B. Group 
of asci squeezed from peritheeium. 0. Mature ascus containing eight ascospores. 

Kost Lagerstroemiaindicah. 

Distribution: Texas, Louisiana, South Carolina, Georgia, Alabama, 
Mississippi, Florida, District of Columbia. Perfect stage reported from 
Florida only. 

CONTROL 

It has been found that a single application of commercial lime-sulphur 
spray diluted 1 : 80 will give a satisfactory control of crape-myrtle mildew. 
This spray has been applied in the past whenever the powdery mildew be- 
came apparent on the foliage. Since the discovery of the overwintering 
stage in the buds, it is recommended that the spray be applied as soon as 
the buds burst in the spring, so that a general infection of the plants may 
be prevented. 
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SUMMARY 

Crape-myrtle mildew, in Florida at least, is caused by a new species of 
fungus herein described as Erysiphe lagersiroemiae, nov. sp. 

It is probable that this organism is responsible for the same disease in 
several other Southern States. 

The disease is characterized by the type of injury generally associated 
with powdery mildews. 

The perfect stage of the organism is produced only infrequently. 

The fungus is capable of overwintering in the leaf buds of the host. 

The disease can be controlled with commercial lime-sulphur spray. 

Department of Plant Pathology, 

Florida Agricultural Experiment Station, 

Gainesville, Florida. 



EBCOEDS OF CITEUS CANKEE FEOM HEEBAEIUM SPECIMENS 
OP THE GENUS OITEUS IN ENGLAND AND 
THE UNITED STATES 

H . S . F A W C E T T A N I> A KT N A E . J E IT K I N S 1 

(Accepted for publication Nov. 14, 1932) 
nSTTRODUCTION 

For the purpose of obtaining more information on tlie occurrence and 
distribution of the disease known as citrus canker, caused by Pseudomonas 
cHri Hasse (2), material of the genus Citrus (mostly cultivated) was ex- 
amined in 1930 at the Herbaria of the Royal Botanic Gardens, Kew, and 
the Department of Botany, British Museum, South Kensington, London, 
England, and, in 1931, at the Gray Herbarium, and Arnold Arboretum, 
Harvard University, Cambridge, Massachusetts; New York Botanical 
Garden, New York, New York; the Philadelphia Academy of Natural 
Sciences, Philadelphia, Pennsylvania, and the United States National Her- 
barium, Washington, D. C. 

Tabulations and discussions of data obtained from this study are here 
presented, for it is thought that they may be helpful in tracing some of the 
history and distribution of the disease. The history and geographical dis- 
tribution of citrus canker are discussed by Tanaka (7), Peltier and Pred- 
erich (6), Fawcett and Lee (1), and others. 

DATA OBTAINED PROM PHANEROGAMIC SPECIMENS 

In table 1 are listed the phanerogamic specimens on which canker, or 
what is apparently canker, was observed. These data appear to add no new 
countries to the distribution of the disease. 

Of the Philippine specimens 1 was collected in 1914, or the year the 
seriousness of the disease in the Philippines became apparent (8), although 
it had not yet been distinguished as canker and not scab, 4 specimens were 
collected the following year when the disease was actually recognized as 
canker (9), the others at somewhat later dates. Figure 1, A, represents one 
of these specimens. 

The specimens of Citnis medica from northwestern India, possibly 1827- 
1831 (Fig. 1, B), and C. aurantifolia from Java, 1842-1844 (Fig. 1, G), 
however, furnish by far the earliest records yet known for the disease. 

1 Part of a paper read at the annual meeting of The American Phytopathologieal So- 
ciety, December 30, 1931 (3). The remainder of the paper, dealing with citrus scab, has 
been presented separately (4). Thanks are due A. W. Hill, A. D. Cotton, W. B. Maxon, 
C. E. Kobuski, E. W. Pennell, J. Bamsbottom, E. M. Wakefield, and A. G. Weatherby for 
courtesies in connection with the examination of the phanerogamic specimens. 

m 
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Fig. 1. Citrus canker on dried phanerogamic specimens of (A) Citrus Umetta var. 
aromaitica, Philippines, (Wester 2182) j (B) C. N. W. India; (C) C. aurantifoliaj 

Java. X 1. A, photographed by M. L. F. Foubert; B and C, at Kew Herbarium. 




TABLE 1. — Identification of citni^ oanTcer or what is apparently citrus canlcer on phanerogamic specimens of the genus in herbaria 
in England in 1980 and the Unit ed Stales in 1931 
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Notations on the Javanese specimen indicate that the canker lesions on this 
specimen were observed by Tanaka, presumably in 1928, when he identified 
it Si^ G. auranUfolia. In correspondence regarding the specimen from the 
Koyle Herbarium, collected in northwest India, contained in the Herbarium 
Hookeriarum, Dr. R. N. Parker, Forest Botanist at the Forest Research 
Institute, Dehra Dun, has recently suggested that this may be Royle 7. 
He adds, ^ ^ It is probable that Royle collected his specimen of Citrus rnedica 
in one of the ravines near Dehra Dun where the plant is not uncommon.” 
This, if correct, means that the specimen was eolleeted in 1827--1831. These 
data indicate the probability that citrus canker originated in India and 
Java rather than in other regions of the Orient. 
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CONTROL OF OAT SMUTV 

Y . H . Y 0 U H G A N 3> C . K . M C C L E L L A N D 
(Accepted for publication Oet. 26, 1932) 

Tlie control of the smuts of oats by the use of formaldehyde solutions 
applied in a variety of ways is well established. When properly carried 
out, treatment with formaldehyde has given excellent control of both the 
loose and covered smut of oats. Recently, several workers have reported 
efficient control of these smuts by the use of organic-mercury dusts and by 
the use of formaldehyde adsorbed on some inert carrier. Karns^ also has 
reported that elemental iodine, dissolved in carbon bisulphide, is efficient 
for this purpose. 

Experimental tests in 1931 and 1932, at the University Farm, Fayette- 
ville, Arkansas, of some of these newer oat-smut treatments gave rather 
striking results, which are here reported. Seed of Fulghum oats obtained 
in 1930 from a badly smutted plot on the university farm was used in these 
experiments in 1931 without the addition of further inoculum. Seed from 
the nontreated checks of 1931 was used in 1932. The following dusts were 
applied in 1931 : Ceresan, active principle 2 per cent ethyl mercury chlo- 
ride j Dubay No. 952 K, active principle ethyl mercury tartrate 2 per cent; 
Dubay No. 952 C, active principle ethyl mercury tartrate 1 per cent; Dubay 
No. 600 LL, active principle ethyl mercury arsenate 1 per cent; Merko, the 
active ingredient of which is said to be an inorganic mercury compound; 
Corona Oat Dust, said to be activated formaldehyde ; and Corona No. 174 
E, said to contain a soluble organic mercury compound. In addition to the 
dust treatments, seed for one plot in 1931 and for 3 plots in 1932 was 
treated with a 10 per cent solution of iodine in carbon bisulphide at the rate 
of i oz. of elemental iodine per bushel. In 1932 Dubay No. 1134, active 
principle ethyl mercury phosphate 2.5 per cent, and the liquid-formalde- 
hyde treatment® were added to the tests. Merko, which failed to control 
oat smut in 1931, and Corona No. 174 E, which was less effective than the 
other dusts employed in 1931, were discarded. 

Dusts were applied by means of a barrel churn to which a baffle plate 
had been added at one end to secure more thorough mixing. Each batch 

1 Contribution from tbe Departments of Plant Pathology and Agronomy. Published 
with the approval of the Director of the Arkansas Agricultural Experiment Station as 
No. 322, of the University of Arkansas Journal Series. 

2 Karns, George M. Effectiveness of iodine in the control of smut on oats. Ind. & 
Eng. Chem. 22: 864. 1930. 

3 Formaldehyde was applied by the spray method as described by Tapke, Y. F. 
Formaldehyde seed treatment for oat smuts. U. S. Dept. Agr. Misc. Pub. No. 21. 1928. 
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of seed was rotated for 5 minutes and the interior of the chnrn was w^aslied 
out and dried between treatments. Dusts were applied at the rate of 3 oz. 
per bu. except Dubay No. 1134, which was employed at the rate of 1 oz. per 
bn., according to the recommendation of the manufacturers. The iodine in 
carbon bisulphide solution was added to the oats in a glass fruit jar and the 
oats were then shaken until uniformly discolored by the solution. They 
were then spread out in a thin layer to allow evaporation of the carbon 
bisulphide. 

Treated oats were planted in 1931 in ^-acre plots on land that had been 
in corn for the 3 preceding years, each treatment being repeated 3 times 
with the exception of the iodine in carbon bisulphide treatment, of which 
there was only 1 plot. Seven nontreated checks were used, the last in the 
first and second series appearing as the first in the series following. All 
seed for the 1931 tests was sown March 18, 1931, 2 days after treating. Soil 
moisture and temperature conditions remained favorable for the growth of 
oats throughout their growing period. Stand counts and counts of infected 
heads were made shortly before harvest, when all heads had appeared. By 
means of a wire hoop, 22 in. in diameter, 10 samples were taken at random 
from each plot. In certain cases, though these counts, indicated that no 
smut was present, a careful survey of the plots revealed the presence of a 
very small number of smutted panicles. These were equivalent to a mere 
fraction of one per cent of the total number of panicles in the plot. A 
thorough search of all plots indicated that loose smut (Ustilago avenae) 
was the predominating form, both in 1931 and 1932. 

The dust treatments used, the percentage of infection in each plot, the 
average percentage of infection for each treatment, the threshing percent- 
age, yields in bushels per acre, and the gains or losses in bushels per acre 
are given in table 1. Theoretical yields of interpolated checks have been 
used as a basis for computing gain or loss from treatments over checks, and 
gains or losses without adjustment also are shown with percentage values. 

A statistical interpretation of the yield data given in table 1 shows that 
the standard deviation of an individual plot yield as determined by the 
check-plot method is 11.66 bu. or 31.3 per cent. The standard deviation of 
the mean for 3 plote is 6.74 bu. The difference between plots necessary for 
significance is 2 \/2 6.74 or 19 bu., assuming that the treated plots are sub- 
ject to the same error in bushels as the nontreated ones. According to this 
standard, no significant differences in yield exist, due to the high variability 
as shown by the cheek plots. However, the reduction in the incidence of 
smut resulting from all treatments except Merko, which the manufacturers 
do not recommend for oats, is clear-cut and, on the whole, satisfactory. As 
shown in table 1, there seems to be little relation between the treatments 
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aad tlie ratio of grain to straw as expressed by the threshing percentage,^ 
and no relation between treatments and stand conld be noted. 

The 1932 tests were planted March 19, 1932. Unusually dry weather 
during the spring months resulted in short straw and a low yield of grain. 
The dust applications were made as in the previous year and 3 plots from 
each lot of treated seed were again planted. All seed was sown as soon as 
treated, with the exception of that treated with formaldehyde and that 
treated with iodine, which was allowed to stand 21 hours before planting. 
Five check plots were included. As mentioned previously, the seed used 
in 1932 was obtained from one of the check plots of the 1931 tests in which 
about 20 per cent of the panicles were infected. Five areas on each plot 
and then 5 duplicate areas on the 5 check plots were counted and per- 
eentages of infection calculated. 

Table 2 gives the results of the counts as percentage of infection and 
also the yields of the various plots in bushels per acre. 

As will be seen from table 2, the percentage of infection on plots where 
nontreated seed was used was 19.25 per cent, which was not markedly dif- 
ferent from that of the previous year. All of the treatments gave good 
control of smut except the iodine treatment, which was not nearly so effec- 
tive as in 1931, possibly because thorough coverage was not secured. The 
dust treatments were all effective, several of them showing perfect control. 

On the plots having treated seed there was a consistent, though not 
large, gain in yield, varying from 2.7 to 6.8 bu., or 12.9 to 32.5 per cent. 
These figures are from nonad justed yields; no interpolations between check 
plots were made because, due to amount of seed available, the plots varied 
in size. The gains averaged 4.3 bu. or 20.55 per cent on the plots where 
dust-treated seed was used in contrast to a gain of only 17.7 per cent for 
the liquid-formaldehyde treatment. 

A statistical treatment of the yield data shows that the standard devia- 
tion of a single yield was 2.16 bu. or 10.3 per cent, showing the variability 
to be only one-third as much as in 1931. The standard deviation of three 
plots is 1.25 bu. Again using twice the square root of 2 multiplied by the 
standard deviation of 3 plots as a measure of significance, we have 3.5 bu., 
the magnitude of a difference needed to establish significance. All treat- 
ments except Dubay 1134 and iodine may be taken as having given signifi- 
cant differences in yield. The increased yields of certain of the dust treat- 
ments over the liquid formaldehyde treatment suggest the possibility of 
stimulatory effects due to the treatment in addition to increases from the 
control of oat smut, such as have been noted recently by workers in other 

4 The threshing percentage represents the relation between the weight of threshed 
grain and the weight of bundles. 
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States. SnffleieHt data, liowever, are not ayailable to draw definite coneln- 
sions. 

The results of the iodine-carbon bisulphide treatment of oats are not 
included in table 1, as only one plot was used in 1931. Counts of 10 areas 
selected at random, as in the case of the other plots, gave no smut whatso- 
ever in the iodine plot, and even a careful search of the whole plot revealed 
the presence of only the slightest trace of smut. ■ The yield per acre com- 
puted from the iodine plot was exceptionally high, but it is believed that 
soil differences may be responsible for part of this increase. In 1932 iodine 
gave much poorer control than did the other treatments, and the increase 
in yield, when tested statistically, did not appear significant. 

SUMMARY 

Certain dust treatments, employed for 2 years, gave excellent control 
of loose smut of oats, whereas others gave only a fair degree of control or 
were ineffective. In 1932 the dust treatments compared favorably with the 
liquid-formaldehyde treatment. 

Iodine, dissolved in 10 per cent solution in carbon bisulphide, applied 
at the rate of i oz. per bu., gave nearly perfect control of loose smut of oats 
in 1931 but was much less effective in 1932. 

None of the treatments employed appeared to affect the stand or to 
have any marked effect on the ratio of straw to grain as expressed in the 
threshing percentage. 

Variability in the check plot yields in 1931 was so great that signifi- 
cant statistical differences were not made. In 1932 less variability was 
shown and the gains, for the most part, attained significance. 

Arkansas Agricultural Experiment Station, 

Fayetteville, Arkansas. 



ROGUING AS A MEANS OF CONTROL OF TOBACCO MOSAIC 
Frederick A . W o d r i 
(Accepted for publication Nov. 3, 1932) 

It has long been known that mosaic-infected plants in the field serve as 
sources of inoenlnm for near-by healthy plants. As long ago as 1904/ 
Selby^ suggested the prompt removal, from fields, of diseased plants when 
they were noted early in the growing season. More recently Yalleau and 
Johnson® regard this practice as advisable. Apparently, however, no ex- 
perimental data are available on the effectiveness of this procedure. Ac- 
cordingly, the writer undertook to test the efficiency of roguing as a field 
practice in mosaic control. 

The fields used for these trials were set with healthy plants, as deter- 
mined by successive examinations of the seed beds. These examinations 
were made at intervals, beginning prior to transplanting and extending 
through the transplanting season. The selected fields had borne a mosaic- 
affected crop during the previous year, and their soils w’^ere, in consequence, 
infested. The writer’s observations indicate that, even though fields are 
set with mosaic-free seedlings, mosaic invariably develops, provided such 
fields have produced a diseased crop during the preceding season. Infested 
soil, in such cases, constitutes the initial source of inoculum. Moreover, 
these observations show that when infested fields are examined as soon as 
the plants have become established, following transplanting, they will be 
found to contain an average of less than one per cent of affected plants. 
These plants then serve as sources for the increase of the disease. 

The removal of mosaic plants, as early as possible, was the procedure 
employed in the present trials with the results summarized in the following 
tabulation. 

It may be noted, first of all, that roguing did not result in eradicating 
mosaic except in fields 1 and 8. Among a total of 48,013 plants in these 
13 fields, 177 diseased ones were destroyed, and at the beginning of harvest 
162 mosaic ones remained. When the first examination was made some of 
the inoculated plants had been transplanted for too short a period to allow 
sufficient time for the development of symptoms. Such plants were plainly 
mosaic at the date of second inspection. The removal of diseased plants 
at these 2 inspections should have resulted in the complete eradication of 

1 Pathologist, Division of Tobacco and Plant Nutrition, Bureau of Plant Industry, 
United States Department of Agriculture. 

2 Selby, A. D. Tobacco diseases and tobacco breeding, Ohio Agr. Exp. Sta. Bui. 
156: 87-114. 1904. 

3 Valleatj, W. D., and E. M. Johksojst. Observations and experiments on the con- 
trol of true tobacco mosaic. Ky. Agr. Exp. Sta. Bui. 280. 1927. 
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TABLE 1 . — -Results of roguing of mosaic plants as a means of control 


Year 

Field 

No. 

Number 
of plants 
rogued 

Date of 
removal 
from field 

Total num- 
ber of 
plants 
removed 

Number of 
plants re- 
maining 
at maturity 
of crop 

Total num- 
ber of 
plants in 
the field 

1928 

1 

2 

June 18 

2, 

0 

4,050 

1929 


f 18 

June 8 

20 

3 

2,813 

2 

} 2 

21 





Cll 

June 25 

16 

7 

1,560 


3 

i 5 

July 5 





f 5 

June 25 

20 . i 

9 

2,585 


4 

1 15 

July 1 





fll 

June 19 

14 

3 

3,440 



1 3 

July 1 



( ( 


1 2 

June 19 

10 

8 

1,095 

0 

1 8 

July 1 



( i 


( 6 

June 17 

18 

10 

4,080 

/ 

112 

29 





r 1 

June 17 




( ( 

8 


'' 29 

4 

0 

5,600 



1 2 

July 9 



tt 

9 

fll 

June 25 

15 

7 

1,560 


July 5 



1930 

10 

fio 

14 

June 6 
18 

14 

52 

3,050 

i( 

11 

f 3 

J une 5 

5 

5 

8,520 


1 2 

19 



a 

12 

f 2 

June 21 

11 

5 

2,160 


1 9 

July 1 




13 

flO 

May 28 




i( 

1 6 

June 5 

28 

53 

7,500 



112 

19 




Total 




177 

162 

48,013 


mosaic from all fields. By the time that the crop was ready to harvest, 
however, the growers had introduced mosaic anew from near-by affected 
crops, into all except fields 1 and 8. This explanation is supported by the 
fact that the tops and suckers, instead of the entire plants, were mosaic, 
and that the crops in adjoining fields were diseased. 

It would have been iateresting to have known what proportion of the 
total number of plants in these 13 fields would have become mosaic by 
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liarvest time if roguing had. not been employed. Since it was impossible 
to do this or to have entirely satisfactory check experiments in adjoining 
parts of the same fields, comparisons must be made in another way. Abun- 
dant data are at hand for such comparisons, since records have been made, 
over a 3-year period, of the number of mosaic plants in 125 fields in which 
infested soil constituted the source of inoculum. The average initial infec- 
tion in 12 representative fields of this type was 0,7 per cent, and by harvest 
time an average of 13.5 per cent had been diseased. With this as a basis 
for comparison, 336 plants in the 13 fields should have been mosaic at first, 
and by harvest time this number should have increased to 6,481. The 
actual presence of 339 plants, approximately half of which were a total loss 
because the plants were removed, instead of an expected 6,481, among a 
population of 48,013, constitutes very satisfactory control. 

No effort was made to replant with mosaic-free seedlings in these 13 
fields to replace the 177 plants that were removed. The resetting of healthy 
plants in place of mosaic ones cannot be recommended as a general prac- 
tice, since the experience of all who have attempted to do this shows that a 
considerable proportion become inoculated by being set where diseased ones 
have been removed. This is supported by the results in the following case 
in which approximately 98 per cent of the plants in a particular field were 
found to be infected when the crop was cultivated for the first time. Ac- 
cordingly, all of the plants from a portion of this field were removed and 
the area was reset with healthy plants. Twenty-seven days later 16 per 
cent were mosaic, 13 days thereafter the number had increased to 25.5 per 
cent, and after an additional 11 days 57.1 per cent were affected. 

Attention should also be called to the fact that the roguing of crops set 
with plants from infested seed beds was not attempted. In such cases, ex- 
perience has shown that the initial infection is too great to permit such a 
procedure to be profitable since upwards of 10 per cent of the plants are 
visibly diseased as soon as they have become established in the field. 

SUMMARY 

When healthy plants are set in fields which produced a mosaic crop 
during the preceding season, normally only a small proportion of the plants 
are infected at time of first cultivation. Under these conditions, roguing 
early in the season is an effective check on the spread of mosaic. 

Rouging of fields set with seedlings from infested seed beds is not ad- 
visable, because it necessitates the removal of too large a proportion. 

Duke University, 

Durham, North Carolina. 



EFFECT OF MOSAIC OF FLUE-CURED TOBACCO ON YIELD 

AND QUALITY 

Frederick A. Wolf^ and E. G. Moss 2 
(Accepted for publication Nov. 3, 1932) 

Most growers of flue-eured tobacco are of tbe opinion that mosaic causes 
losses through decrease in yield and impairment of quality. Some main- 
tain, however, that it does no damage. Within the past few years the re- 
sults of several investigations on this phase of the mosaic problem with 
other types of tobacco have been published. Valleau and Johnson^ found 
that mosaic reduced the yield of Burley tobacco approximately one-third 
and the value two-fifths when all plants were inoculated at time of trans- 
planting. When inoculation was delayed until topping time, there was no 
decrease in yield, but there was a decrease of one-fourth in crop value. 
With Maryland tobacco, McMurtrey^ found that the average reduction in 
yield for a 3-year period was 30 to 35 per cent, and in value, 55 per cent 
when all plants were inoculated at time of transplanting. The damage was 
almost as great as this when the plants were inoculated a month after trans- 
planting time. There was no significant reduction in yield, however, when 
inoculation was delayed until time for topping; yet, even at this stage, 
mosaic adversely affected the quality. 

Since there are no available data on the effect of mosaic on yield and 
quality of flue-cured tobacco, such studies were undertaken in 1929 and 
1930 at the Tobacco Experiment Station, Oxford, N. C. Pour adjacent 
plots of f acre each were set with tobacco. All were planted on the same 
day, were given equal applications of fertilizer, and cultivated alike. The 
first was inoculated when the plants were set, the second a month later, 
the third at time of topping, and the fourth was left uninoculated as a 
basis for comparison. The inoculum was prepared by crushing with the 
fingers the leaves of a green mosaic plant and suspending the macerated 
material in a small quantity of water. The tops of the seedlings were 
dipped into this inoculum just prior to transplanting, in the case of those 
that were inoculated when they were transplanted. The inoculum, simi- 

1 Pathologist, Division of Tobacco and Plant Nutrition, Bureau of Plant Industry, 
United States Department of Agriculture. 

2 Agronomist, Division of Tobacco and Plant Nutrition, Bureau of Plant Industry, 
United States Department of Agriculture and Assistant Director, Tobacco Branch Sta- 
tion, North Carolina Department of Agriculture. 

3 Valleau, W. D., and E, M. Johnson. The effect of a strain of tobacco mosaic on 
the yield and quality of Burley tobacco. Phytopath, 17: 523-527. 1927. 
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larly prepared, was communicated to the block of plants inoculated a month 
later, and to those inoculated at topping time by wetting the fingers with 
inoculum, and then gently rubbing, between the thumb and fingers, the 
bud leaves. Nearly all plants inoculated developed evident symptoms 
within 2 weeks. Those inoculated at time of transplanting remained 
stunted during the first portion of the growing season, but were normal in 
size by the end of the season. Moreover, they matured about 2 weeks later 
than the plants on the noninoeulated plot. 

The results of these tests for the season 1929 and 1930 are presented in 
the following table. 


TABLE 1. — Influence of mosaic on yield and quality of flue-cured tobacco 


Plot No. 

Year 

Time of inoculation 

Yield 
per acre 

Decrease 
in yield 

Acre value 

Decrease in 
acre value 




Founds 

Per cent 


Fer cent 

1 

1929 

At transplanting 

668 

23.2 

166.22 

42.3 


1930 

do 

642 

39.6 

29.24 

66.8 

Average 



655.0 

31.4 


54.6 

2 

1929 

One month after 







transplanting 

646 

25.7 

153.42 

47.2 


1930 

do 

739 

34.6 

57.46 

37.0 

Average 



692.5 

30.1 


42.1 

3 

1929 

At topping 

734 

15.6 

208.00 

23.6 


1930 

do 

917 

18.8 

79.37 

23.9 

Average 



825.5 

17.2 


23.8 

4 

1929 

Control, not mosaic 

870 


272.59 



1930 

do 

1,130 


91.24 


Average 



1,000 





It is evident that mosaic adversely affects both the yield and quality of 
flue-cured tobacco, dependent upon the stage of growth at which infection 
occurs. The 2-year average yield on the mosaic-free plot was 1,000 pounds ; 
that on the plot inoculated at time of setting the plants was 655 pounds, or 
a decrease in yield of 31.4 per cent and a decrease in value of 54.6 per cent. 
The yield on the plot inoculated approximately a month after transplanting 
was 692 pounds, a reduction in yield of 30.1 per cent and in value of 42.1 
per cent. The plot inoculated at time of topping yielded 825 pounds, a 
decrease in yield of 17.2 per cent and in value of 23.8 per cent. 
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Only in rare cases, when judged by the writers’ observations, which have 
extended over three seasons, is mosaic, in any grower’s crop, so destructive 
as in plots 1 and 2. However, an average of approximately 20 per cent of 
the total crop may be mosaic at time of topping. The loss occasioned by this 
proportion, pins that resulting from the wholesale inoculation that occurs 
during the operation of topping, should result in a decrease in yield and 
value in excess of that shown in plot 3. At any rate, these data show the 
necessity for preventing infection and for the employment of cultural prac- 
tices that will reduce the spread of the disease. 

SHMMABY 

Mosaic seriously reduces the yield and impairs the market value of flue- 
cured tobacco. The degree of damage is related to stage of growth at which 
infection occurs, for, when inf ection occurs early in the growth of the crop, 
it occasions the greater losses. 



PHYTOPATHOLOGICAL NOTES 


Downy Mildew of Tobacco on Pepper^ Tomato^ and Eggplant —Downy 
mildew of tobacco (Peronospora hyoscyami, de By.) was first widely preva- 
lent in tbe tobacco area of eastern South Carolina in 1932. Soon after the 
tobacco plants in the beds became diseased, reports were received that 
pepper plants in beds also were diseased. The growers were convinced that 
the disease of pepper was caused by the downy mildew or blue-mold fungus 
because of the similarity of effects on the plants. This belief was strength- 
ened by the fact that in the 30 years of culture of the Cayenne type of 
peppers in the vicinity of Florence, South Carolina, no serious difficulty had 
been encountered in growing the plants in beds prior to the appearance of 
the tobacco disease. 

A Peronospora was found on some pepper plants of one lot sent to the 
senior writer, while it was not found on the plants of another shipment. 
Plants later collected by the writers showed the same fungus but it was 
not abundant. Young pepper plants were killed when attacked by the 
fungus in 1932. Some plant beds were seen with nearly every plant 
destroyed. 

The first diseased pepper plants were noted on April 21, 1933, in a row 
at the end of an infected tobacco-plant bed, and diseased plants in several 
pepper beds were observed within the following 3 days. A Peronospora 
was found on about one-third of the diseased leaves. If infection occurred 
when the plants were almost large enough to be set in the field, as was gen- 
erally the case in 1933, the infected leaves were shed, but few plants were 
killed in contrast to the heavy mortality of young plants in 1932. This 
article may be of interest at this time because of the recent reports^ that a 
fungus apparently identical with Peronospora hyoscyami has been found on 
pepper and also on tomato. 

On April 24, 1933, 2 sq. yd, of a pepper-plant bed were used in a cross 
inoculation of Peronospora hyoscyami from tobacco to pepper. An adjoin- 
ing noninoeulated area of the same size was used as a check. The beds were 
watered and the plants then covered with a mist of water from a small hand 
sprayer. Tobacco leaves showing a dense coating of fresh spores were 
shaken above and then dragged over the plants in one bed. A muslin cloth 
was then placed over the inoculated and noninoeulated beds and moistened 
at intervals of approximately IJ hours during the daylight hours of the 2 
following days. Three days following inoculation, a few diseased plants 
w^ere seen scattered throughout the large bed, a part of which was being 
used for the experiment. Infection conditions were thence unfavorable and, 

1 Plant Disease Keporter 17: 37, 1033. 

■ , ;837 , 
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fortunately, there was no further spread of natnral infection. At the end 
of li days, 85 per cent of the plants in the inoculated area showed definite 
symptoms of the disease, while only about one per cent of those in the 
cheek area showed the disease. 

Bight sweet pepper plants of an unknown variety growing in pots were 
inoculated from infected tobacco plants on May 6, 1933. Four pots of 
plants used as checks were not inoculated. Definite symptoms of disease 
were evident on the plants in 3 pots of the inoculated group 5i days later 
and a plant in a fourth pot was found diseased on the eighth day after the 
inoculation was made. The noninoeulated plants remained healthy. 

An attempt was made to infect tobacco plants with the fungus from 
pepper; within 42 hours after inoculation, practically all of the plants in 
both the inoculated and noninoeulated areas were showing an abundance 
of Peronospora spores and sporophores on the under surface of the leaves. 
This was accepted as rather conclusive evidence that natural infections had 
occurred before the inoculations were made. No further inoculations from 
pepper to tobacco could be made, since all tobacco plants at the Experiment 
Station became diseased a few days after the first inoculation. 

A Peronospora apparently identical with that on tobacco has been found 
by the writers on tomatoes as reported by others^ and also on a new host, 


TABLE 1. — Frequency dutribuUon of spore size of a Peronospora on tohacco, tomato, 

pepper, and eggplant^ 


Glasses jx 

Length 

Width 

Tobacco 

Tomato 

Pepper 

Eggplant 

Tobacco 

Tomato 

Pepper 

Eggplant 

8.1 







1 

1 

10.8-12.2 

2 


1 


21 

51 

15 

234 

12.4-13.9 

2 

3 

2 

8 

127 

207 

223 

278 

14.4r-15.1 

5 

5 

9 

27 

116 

147 

149 

60 

15.3-16.3 

81 

128 

60 

194 

266 

182 

194 

25 

17.2-18.2 

103 

109 

75 

127 

43 

8 

13 

0 

18.6-19.8 

180 

197 

209 

168 

22 

5 

5 

1 

20.1-21.1 

94 

74 

84 

42 

4 



1 

21.7-22.9 

98 

74 

124 

26 

1 




23.0-24.4 

25 

9 

34 

7 





24.9-25.7 

3 

1 

2 

1 





27.1 

7 








Total 

600 

' 

600 

600 

600 

600 

600 

600 

600 


a Average size of spores on toLacco 19.2 x 15.4; ,}x; tomato 18.6 x 14.6 jx; pei^per 
19.5 X 14.9 jx; eggplant 17.9 x 13.1 jx. 

2 Plant Disease Reporter. See footnote 1. 
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the eggplant. The tomatoes and eggplants were growing in a bed a few feet 
away from tobacco beds. 

Measurements of 600 spores each from tobacco, pepper, tomato, and egg- 
plant have been made and the results are presented in table 1. Similarity 
in spore size is evident. 

The appearance of a distinctly new disease of pepper, tomato, and egg- 
plant since the recent introduction of Feronospora hyoscyami on tobacco, 
the close association of the diseased plants with infected tobacco plants, and 
the apparent morphological similarity of sporophores and spores, seem to 
indicate that P. hyoscyami can attack these plants. The foregoing facts 
together with the successful infection of pepper plants on two occasions 
with spores from tobacco seem to be fairly certain evidence that P. hyo- 
scyami will infect pepper. — Gr. M. Armstrong and W. B. Albert, South 
Carolina Experiment Station, Clemson College, South Carolina. 

Manufactured Tobacco, a Source of Inoculum for Mosaic in Flue-cured 
Tobacco } — Consideration has been given, since the spring of 1928, to the 
source of mosaic virus in seed beds in North Carolina. Observations on the 
time of first appearance of tobacco mosaic in the beds, on its peculiar dis- 
tribution therein, and on the presence of visible symptoms on the youngest 
leaves of seedlings whose older leaves are apparently normal lead one to 
conclude that in many cases the virus is introduced by the grower through 
the use of various forms of manufactured tobacco. Manifestly, such epi- 
phytological evidence does not constitute unequivocal proof. The following 
studies were made, therefore, for the purpose of determining whether, by 
direct experimentation, it could be found that manufactured tobacco is a 
source of mosaic virus, as has been reported by Valleau and Johnson^ and 
by Fukushi.^ Since manufactured to'bacco is apparently the most impor- 
tant source of inoculum for mosaic in seed beds in flue-cured tobacco dis- 
tricts, a fact not generally known, the publication of the present report, 
which confirms the findings of other investigators and is supported by a 
considerable body of unpublished epiphytological data, seems to be war- 
ranted. 

Two lines of evidence were followed in testing the infectiousness of 
tobacco. The first involved the use of air-cured mosaic-affected leaves, and 
the second of different forms of manufactured tobacco procured from retail 
stores. 

1 This report, prepared hj the junior writer, is based upon studies by Hans J. Busch, 
Berlin-Spandau, Germany, during his residence as a graduate student at Duke University. 

2VALLEAIJ, W. D., and E. M. Johnson. Commercial tobaccos and cured leaf as a 
source of mosaic disease in tobacco. Phytopath. 17: 513-522. 1927. 

3 PuKUSHi, T. On the modes of transmission of the mosaic disease of tobacco. 
Jour. Sapporo Soc. Agr. & Eor. 22: 305-320. 1931. 
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M’Osaie-afEected leaves were collected in August, 1928, were then air- 
cured, stored in cans, and through the courtesy of a manufacturer, were 
converted into chewing tobacco during April, 1929. This tobacco was 
employed in the spring and summer of 1929 in making a series of inocula- 
tions. It was applied to healthy plants either as spittle or was sprinkled 
upon them. In the latter ease the inoculum was prepared by soaking a 
small quantity of tobacco in water. Rapidly growing potted plants, when 
inoculated, contracted mosaic within a peinod of about 2 weeks. Although 
all tobacco grown in the Coastal Plain and Piedmont sections of North Caro- 
lina is flue-cured, and the temperature reached during the last stages of cur- 
ing usually destroys the virus, yet the infective agent occasionally survives 
the curing process. Even if it were destroyed in all flue-cured tobacco, 
manufactured tobacco might still remain a source of inoculum, because all 
brands of granulated, plug, and cigarette tobaccos are blended and, conse- 
quently contain air-cured tobacco grown in sections 'whex'e mosaic is an- 
nually a more or less generally prevalent disease. 

The studies bearing on the infectiousness of 45 brands of manufactured 
tobacco involved an examination of 11 brands of snuff, 17 of chewung 
tobacco, 10 of granulated pipe tobacco, and 7 of cigarettes. Duplicate 
samples of 15, and triplicate samples of 4 of the brands were tested, making 
a total of 68 samples. The samples were placed in flasks of sterilized water, 
and there allowed to soak for about 12 hours. This material was then used 
as an inoculum. Sterilized cotton swabs on sticks were dipped into the 
inoculum and the latter was gently brushed upon the buds of healthy plants. 
Three plants were inoculated with each sample. Sterile swabs were thus 
employed with each sample. This method has the additional advantage of 
preventing accidental inoculations, since the plants were not touched di- 
rectly by the operator. After 12 to 18 days some of the plants inoculated 
with 2 of the brands of chewing tobacco and 2 of snuff showed symptoms 
of mosaic, while those inoculated with the remaining 41 brands remained 
mosaic free. 

Infeetiousness was verified in each case by testing another sample from 
the same package. In some cases only one of the 3 inoculated plants became 
mosaic. A similar failure of all inoculated plants to develop symptoms was 
reported by Yalleau and Johnson.^ In some cases one sample of a par- 
ticular brand contained the virus, while another gave no infection. At 
least it may be concluded from these experiments that occasional samples 
of certain brands of manufactured tobacco contain the mosaic virus. These 
results support those of Yalleau and Johnson,^ who found among manu- 
factured tobaccos 4 brands of plug, 7 of cigarettes, and 5 of granulated 

4 Z. C. 
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tobacco that were infectious. They also support the more recent results 
of FukushP who reported that 25 among* 30 packages^ of 4 brands of pipe 
tobacco were infectious. He inoculated plants by rubbing the pipe tobacco 
between the fingers and then, with contaminated fingers, slightly crushing 
the leayes. 

It may be noted that in the present studies cigarettes and granulated 
smoking tobaccos were not found to be infectious. Valleau and Johnson’s® 
studies led them to conclude that these forms of tobaccos are of minor im- 
portance in the mosaic problem. 

When consideration is given to the readiness with which virus is spread, 
it is apparent that the presence of mosaic in the seed beds is an exceedingly 
important matter, even though only a few plants are affected. This fact 
is scarcely appreciated except by those who have had experience with 
tobacco mosaic.— Hans J. Busch and Predebick A. Wolf. 

Correction in Authority for Gronurtumi ribicola. — As pointed out by 
Sydow,^ and independently confirmed by the writer, TJredo ribicola Lasch 
does not belong in the genus Cronartium, as heretofore assumed by the 
writers^ and others. This fact requires the correct citation to be Cronar- 
tium ribicola Fischer, according to taxonomic procedure under the Inter- 
national Eules of Nomenclature. A full statement of the situation will 
probably be made by Sydow in the Annales Mycologici. — J. C. Arthur, 
Lafayette, Indiana. 

5 1 . 0 . 

6 L c. 

1 Sydow, P. & H. MonograpMa XTredineamm 4: 590. 1924. 

2 Arthur, J. C. Phytopathology 23: 559. 1933. 
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ANNOUNCEMENT 

The session at Boston, December 28 to December 30, 1933, will be the 
25th annual meeting of The American Phytopathological Society. In recog- 
nition of this event it is hoped that the president, Doctor Arthiir, dean of 
American mycologists and phytopathologists, will speak briefly on progress 
in Phytopathology during this period and on some of the great personalities 
in this field. 

The Society will hold joint sessions with: (1) Section G and other 
Botanical Societies, Thursday afternoon; (2) the Mycological Society, 
Priday ; and (3) the Potato Association of America, Saturday. On Thurs- 
day aftexmoon the annual conference on extension work in plant pathology 
will be held. 

Our headquarters hotel, the Westminster, has some very attractive suites 
for 3 to 6 persons. To assist the managers in arranging accommodations 
for the December meeting, it is suggested that members write the hotel at 
once concerning reservations, informing them of instances where groups 
would prefer to be located together or in near-by rooms, or of desire on the 
part of two individuals to share a double room. 

Scientific sessions will be held in the Biological Laboratories, Harvard 
University, where there will be space for exhibits of slides, charts, and other 
material related to papers presented. Packages containing material for ex- 
hibition should be marked Phytopathological Exhibit and be mailed or ex- 
pressed to Dr, W. H. Weston, Jr., Biological Laboratories, Divinity Avenue, 
Cambridge, Massachusetts. 

Business meetings will be held as usual on the mornings of Thursday 
and Saturday. 

The annual dinner of the Society will be Thursday evening. While it 
is not possible at this time to announce either the participants or their sub- 
jects, it seems certain that the program for this classic event will be in line 
with the best traditions of the Society. 
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I. CONCEPTS, SCOPE, AND ROLE 

Like other experimental sciences, phytopathology aims to establish by 
experiment, that is, by deliberate change of one factor at a time, the simnl- 
taneons and serial antecedents out of which a pathic event (12) arises at a 
given time and place within an affected plant. It aims to analyze into their 
constituent part events complex total pathic events, such as an infections 
disease, that occur during or follow development, and to establish the factors 
out of which each part event in the series arises. In so far as these factors 
are antecedent to, i.e., condition and/or incite, pathic events, they are patho- 
genic factors (12). In this process of analysis or detailed description, 
stimulus-reaction chains or chains of causation are established in which the 
initial stimulus and the final reaction often are separated temporally and 
spatially by a long series of intermediate reactions and stimuli When all 
of the series of causation chains of an event and their interrelations have 
been completely established, each part event, and, consequently, the complex 
total event, is said to be causally explained. In practice a causal explana- 
tion merely means that attention has been focused upon one part of the 
complex, which is called the effect, and then upon a striking feature of the 
complex of factors antecedent to it, which is called the cause.^ 

The branch of plant pathology that concerns itself with the causal 
analysis of pathic events has long been designated as etiology or etiological 
pathology. The term etiology^ is derived from aitia ( atrik ), which means 

1 According to the present conception of the principle of causality, experiment is 
not able to establish absolute, invariant relations between so-called antecedents and 
consequents. Absolute predictability of events consequently is no longer considered the 
goal or even the ideal of science. Instead, science aims to establish by experiment the 
probabilities of apparent relations of events. While this conception is not a new one 
in the history of science, the advent of the new experimental and theoretical physics has 
been largely instrumental in bringing it into prominence. 

2 Democritus (5th century B. C.) was the first to use the term etiology. While it 
and its adjective, etiological, do not appear in the only treatise on the healthy and 
pathic behavior of plants that has come down to ns from Greek antiquity, the term aitia 
is used throughout this discourse and in its title. This inquiry (27) by Theophrastus 
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blame or cause, and from logia which means a reasoned discourse, 

an inquiry. Consequently, etiology is a system of knowledge or an inquiry 
dealing with the antecedents of events and with the rational study of the 
concepts in which the relations of antecedent and consequent are expressed. 

By a shift, the term etiology has come also to mean the totality of the 
antecedents of an event, rather than the body of knowledge pertaining to 
these antecedents. The adjective etiological has experienced a similar shift 
in meaning. Thus the phrase ^‘the etiology of mosaic’’ when used in this 
sense means the complex of antecedents out of which mosaic arises. 

By a further shift the term etiology has been restricted to the obvious 
external antecedent of a pathic event, or to the body of knowledge dealing 
with this obvious causal factor. This factor is often designated as the 
causey with an implication that it is the sole cause (12) . In many text-books 
and special treatises the category of etiology includes only the specific 
pathogenic microorganism when infectious diseases are discussed, or the 
obvious external factor when noninfeetious diseases are the object of in- 
quiry. The specific pathogenic microorganism is often designated as the 
pathogen, 

(370-286 B. 0.) bears the title (ABOUT THE) CAUSES OP PLANTS {Peri Pliyion 
Aition). Etiological pathology therefore can trace its lineage to the ^‘Pather of 
Botany. ^ ? 

By the end of the 2nd century A. D, the terms etiology and etiological had begun 
to have technical meanings. Galen (130-200 A. B.) in Ms classification of the branches 
of medicine (11) stated: ‘^The etiological, which is also called pathological, is that part 
(of medicine) in which we examine that which happens against nature and investigate 
the causes of disease and the concourses of symptoms and inquire closely into the con- 
ditions of affections.’^ Incidentally, this is Galen’s definition of the field of pathology. 
While Galen defined the field of the pathological, he did not introduce the term pathol- 
ogy, Pathology had not yet been recognized as a distinct science. The word is not 
found in Greek lexica. Its Latin form, pathologia, had made its appearance by the 6th 
century A. D. and occurs for the first time in Corpus Glossariorum Latinorum (ed, Gotz) 
IV, 263, 3j V, 384, 47, and is defined as mtio passionisy a reasoned discourse on affec- 
tions. According to Galen, pathology is that part of medicine that concerns itself with 
the causal analysis of the subject matter of medicine. This still is the current definition 
of the field of human pathology. Phytopathology, historically and currently, is the 
botanical equivalent of medicine and hygiene and includes not only etiology but diag- 
nosis (symptomatology) and preventive and remedial control (plant protection) as well. 

other biological sciences, such as physiology and genetics, although engaged in 
description of the probable sequences of relations of their subject matter, no longer 
recognize the etiological approach by a distinctive term. As theoretical and experimen- 
tal phytopathology becomes a mature natural science, it too will become so thoroughly 
etiological that it probably will cease to designate its etiological descriptions by a 
differentiating term. Hence, the terms etiology and etiological probably will disappear 
from the vocabulary of theoretical pathology just as they have been dropped from the 
vocabularies of physics, chemistry, and physiology. 
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This highly limited and artificial conception of etiology and the 
fact that any scientific analysis that is more than a description of the 
static aspects of events concerns itself with eonceptnal and experimental 
analysis of the antecedents of events have been important factors in 
focusing the attention of phytopathologists npon pathogenic bacteria and 
fungi in the causal analysis of plant diseases. As a consequence, phyto- 
pathological activity and literature have been so largely concerned with the 
taxonomy, morphology, cytology, physiology, ecology, and genetics of patho- 
genic microorganisms, especially fungi, that phytopathology now is regarded 
as essentially parasitological mycology. 

Recently, Morstatt (14) and Whetzel (26) have protested against the 
dominance of etiology in phytopathology. Morstatt contends that the etio- 
logical point of view stands in the way of a thoroughgoing general phyto- 
pathology because it has forced the pathic plant with its disturbed struc- 
tures and processes out of the center of interest and consideration and 
thereby arrested the development of cellular phytopathology, which he 
considers the basis for a general phytopathology. He asserts further that 
the dominance of etiology has split the field of phytopathology into an 
applied botany which is restricted to applied mycology, and into an applied 
zoology, which is limited to applied entomology (13), and thereby retarded 
development of a general phytopathology. Finally, he contends that this 
preoccupation with eitology has led to neglect of those ecological factors, 
other than the parasite, of the pathic plant that play a role in parasitic 
diseases and to an almost complete disregard of nonparasitic diseases that 
constitute the best approach to a general phytopathology. 

Whetzel (26) protests against the dominance of the etiological point of 
view because he contends that it has been responsible for the preoccupation 
of phytopathologists with fungi and bacteria and for their neglect of 
anatomical phytopathology. His stricture on etiology is not surprising 
in view of his definition of etiology as ‘/that phase in the study or discussion 
of a disease which deals with the chief causal factor, its nature, classifica- 
tion, and relations with the suscept.’^ Suscept, in turn, is defined as “any 
plant liable to infection by a given pathogene,/’ and pathogene as “any 
organism capable of causing disease’^ (25). 

Kefiection upon these strictures against etiology and its deleterious 
influences reveals that they do not apply to a thoroughgoing etiology , but 
only to the 'pseudo-etiology, which has dominated phytopathology since the 
last half of the 19th century. This false etiology arose as a consequence 
of the quest for single external causes, which dominated the atomistically- 
oriented natural sciences of the last half of the 19th century and manifested 
itself in part in the naive version of the germ theory of disease that char- 
acterized the biology and pathology of this period (12). The restricted 
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definition of tile field of etiologieal pathology, which Morstatt and Whetzel 
accept, ignores the very important principle that factors 'within the plant 
itself are part of the complexes of antecedents out of which pathic events 
arise, and, in heing concerned only with external factors, inevitably deflects 
attention from the pathic plant itself. 

A thoroughgoing etiological pathology considers all possible antecedents 
and recognizes that causal complexes usually include both internal and 
external lsiQtoTs. An etiology that recognizes that internal factors are part 
of these complexes is bound to treat the pathic plant and its processes as the 
central object of interest and analysis and to give experimental phytopa- 
thology a genetical, physiological, and biochemical turn. Precise etiological 
analysis of any complex pathic event, such as an infectious disease or a 
pathic form anomaly, compels one to cut the complex event conceptually 
and experimentally into analytical temporal and spatial isolates and to deal 
seriatim withx each isolate and its antecedents. By arranging these isolates 
in their proper sequence, a more or less complete etiological description is 
given of the total pathic event. Such analysis, if rigorous, in case of multi- 
cellular organisms, invariably leads to consideration of groups of cells or 
of single cells and of the antecedents of their structures and processes. In 
other words, a full etiological description is the same as a thoroughgoing 
narrative of the causal pathogenesis of a pathic event and treats the struc- 
tures and processes of the affected plant as the center of interest and 
analysis. Because of its emphasis on cellular processes of the pathic organ- 
ism, a comprehensive etiology furnishes a unifying basis not only for a 
general phytopathology but for a comparative pathology, as well (12). 

A comprehensive etiology also serves better than anything else to in- 
tegrate all external and internal factors, including the effects of pathogenic 
foreign organisms, into a single etiological scheme or formula (12). At 
present most American and English textbooks and special articles treat 
predisposing factors and the factors of varietal susceptibility as categories 
coordinate with the category of etiology and not as integral parts of etiol- 
ogy. Consequently, the concepts and data arising out of genetical analysis 
of susceptibility and out of the experimental study of predisposing factors 
are not integrated in a single etiological scheme. German phytopathologi- 
cal literature has formally recognized that etiology deals with causal com- 
plexes and that a causal complex usually includes conditioning factors 
{Bedingungen) and an iiieitant (Erreger). It is highly desirable that 
American phytopathologists adopt the term '^ineitanf or some better 
equivalent to replace ‘^the cause.’’ 

A thoroughgoing etiology, recognizing the role of both internal and 
external factors, will restore constitutional pathology as the keystone of 
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etiological pathology. With characteristi(| insight the Greek natural phi- 
losophers treated it as such, and from the time of Theophrastns (370-286 
B. C.) to publication in 1853 of de Bary’s first paper on pathogenic fungi 
(1) , constitution and disposition were key concepts of plant physiology and 
pathology. Even during the dominance of the germ theory, Soraner (20) 
and Ward (24) contended that a genuine etiology must consider the effect 
of predisposing factors (which they considered to be mainly external ones) 
upon the disposition of the plant as this expresses itself in normal and 
abnormal susceptibility to incitants. Latterly, Morstatt (14), in his discus- 
sion of physiological pathology, Fischer and Gaumann (5), in their discus- 
sion of the prerequisites of infection, and I (12), in a discussion of the r61e 
of genetics and developmental physiology in etiological pathology, have for- 
mally treated constitution and disposition as phytopathological concepts. 

Finally, a comprehensive etiology also may serve to integrate experimen- 
tal phytopathology and the other experimental biological sciences. In fact, 
the only difference between etiological pathology and each of the other 
experimental biological sciences is that, while these deal with the relations 
of the structures and processes characterizing maintenance, development, 
or reproduction within the range of easy tolerance of the living system in 
question, their pathological counterparts deal with the relations of those 
structures and processes that characterize difficulty or failure in mainte- 
nance, development, or reproduction (12). 

A radically experimental etiology is not content to establish merely that 
a particular strain of Piwcinia graminis tritici incites the pathic complex 
called rust in a particular strain of wheat. It also aims to account for the 
occurrence of the pathic event under particular past and present external 
conditions within a particular cell in a particular tissue of a particular 
age within a particular organ of a particular individual. Furthermore, it 
aims to explain how the presence of a particular organ of a specific parasite, 
which is in a particular phase of its life cycle and has a particular genetic 
constitution and a particular environmental past, incites this particular 
cellular event. 

In order to attain these goals etiological phytopathology must come to 
grips with the problems of development and must utilize the concepts and 
techniques not only of the other botanical sciences, but of the nonbotanical 
sciences as well. 

GENERAL ETIOLOGY 

Experimental analysis of healthy and pathic events has shown that in 
addition to the obviously pathogenic external factors every factor that 
plays a role in development and maintenance and reproduction of living 
systems is a potential pathogenic factor (12). In other words, there is no 
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special class of patliogeiiic factors any more titan there is a special class of 
pathic processes. Analysis has also shown that any one of these factors 
may play a determinative, direct or a factorial, indirect pathogenic role. 
It may act as a releasing, inciting, proximal or as a conditioning factor. 

It also has been established experimentally that one factor rarely is so de- 
terminative that no other factor plays a role. However, such cases do occur. 
Lethal genes and in some eases sublethal genes are so determinative that 
other factors within and external to the individual are of practically no 
consequence. At the other extreme overwhelming external forces often 
play such a sudden and completely catastrophic role that other factors are 
practically negligible. In most eases, however, the antecedent of the pathic 
event is a complex of factors, a causal complex (13) . Many internal and 
external factors cooperate in the production of an antecedent complex, 
which manifests itself as a disposition on the part of the plant to react 
pathically to a particular inciting internal or external factor. 

The factors of a pathogenic complex may therefore be roughly divided 
into (a) Internal^ Constitutional Factors, which manifest themselves in 
part in the disposition of the organization, and (b) External Factors. 

Internal or Constitutional Pathogenic Factors. The concept ^^constitu- 
tion” has had various meanings since its introduction into pathology by 
the Greek physicians and natural philosophers. Constitution, as used here, 
means not only the constituent parts, that is, the structures and processes 
of the organization of a particular individual, but also the individually 
characteristic manner in which these are spatially and temporally coordi- 
nated and integrated to produce the particular organization and behavior 
or reaction of the individual at any given instant. Sometimes the term 
constitution is used to designate the sum total of the possible reactions of 
an organism. The constitution of an organism may be analyzed into (a) its 
genetic, idio- or genotypic constitution, and (b) its nongenetic, para- or, 
less correctly, its phenotypic constitution. These do not exist as indepen- 
dent entities. The constitution of an organism as we see and deal with it 
always is the phenotypic expression or resultant of an interplay of the 
genetic, the nongenetic internal, and the external factors of the organism. 

Genetic Constitution. By genetic constitution is meant not only the 
comparatively invariant part that an individual received from its parent 
or parents, that is, its chromosomal and cytoplasmic genes, but also the 
individually characteristic manner in which these are spatially and tem- 
porally coordinated and integrated into a genic system. If the contentions 
of Correns and Wettstein are correct, that a cytoplasmic genetic system 
exists in cells, then the genetic constitution of an organism, in addition to 
its genic constitution, also consists of a cytoplasmic part, the plasmone, and 
of the relation of the genic and extragenic genetic systems (12). 
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The direct determinative pathogenic role of the genetic constitution of 
plants is illustrated by the lethal and sublethal effects of certain chromo- 
somal and cytoplasmic genes reported for a considerable number of plants 
(12). It is also illustrated by the gene effects recognized as sterility and 
semi-sterility and by many cases of lethal polyploidy. 

The indirect or conditioning pathogenic role of the genetic constitution 
is illustrated by innumerable cases of genieally conditioned susceptibility 
of plants to the pathogenic influence of both nonliving and living external 
incitants, especially of pathogenic foreign organisms. 

The phase of etiological pathology that deals with the effects of the 
genetic constitution of the plant brings experimental pathology into intimate 
contact with physiological genetics. In analyzing how genes play a direct 
and/or indirect role as pathogenic factors, etiological pathology will And 
itself compelled to consider the propositions and concepts of physiological 
genetics (12). It may conceive the gene as a self -synthesizing, self -duplicat- 
ing catalytic agent, which, in its primary role, is the antecedent of synthesis 
of particular enzymes and/or antienzymes at definite moments in the life 
history of the organization of which each gene is a part. The enzymes of each 
gene may be assumed to react with and upon the living substrate and/or 
such other materials as are present. These enzymes, in turn, in cooperation 
with the resultants of the action of all other genes, may be considered ante- 
cedents of the processes and structures of the cell or acellular entity under 
analysis. Through the intermediacy of these cells and their products, in 
interaction with other cells and their products, in case a multicellular or- 
ganism is involved, the structures and processes of tissues and organs, and 
even the behavior of the organism as a whole may be considered to be condi- 
tioned by the genes. This is essentially the interpretation presented by my 
colleague, Sewall Wright. 

Fast’Ristory and Correlative Influences — The nongenetic constitution 
of an organism is the relatively variable and transitory part of its organiza- 
tion. In the beginning the nongenetic constitution of each individual con- 
sists of the nongenetic cytoplasm and the cytoplasmic elaboration products 
it received from its parent or parents. Later, it consists of new cytoplasms, 
synthesized in the course of growth and development through interplay of 
the original nongenetic cytoplasm and of the genetic constitution of the 
individual as w^ell as of the elaboration products of these cytoplasms. The 
nongenetic constitution of an organism changes in the course of the life his- 
tory of the individual as differentiation of cells, tissues, and organs proceeds. 
It is the repository of all past events in the organism, excepting mutations 
in the genetic .system. It learns by experience, it ages, and eventually it 
dies and disintegrates unless all or part of it is carried on in the formation 
of new individuals. 
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Tlie factor of the past experience or development of the nongenetie 
cytoplasmic system and its products may be designated as the past-hist ory 
factor (12), Through it/ all^ experiences and events of the organiza- 

tion tend to play a conditioning role in the events of the present moment of 
an organism. The disposition of an organism is an aspect of its past history. 
It is assumed that the genetic and nongenetic constitutions of a cell are in 
constant interplay and that the procession of events whose possibility is 
determined by a relatively small number of genes is released by correlative 
influences between genes and changing cytoplasm. It is assumed that this 
factor is a very important one, making it possible for a limited set of genes 
to determine all of the potentialities of an organism. Interplay with a 
changing cytoplasm may enable the same set of unchanging genes to con- 
dition new structure and behavior from moment to moment. Examples of 
the pathogenic influence of the past history factor are seen in those proc- 
esses of differentiation that lead to death of cells, in the effect called aging, 
in the metabolic drift of various levels of organization of plants, and in 
acquired susceptibility to pathogenic agents or factors. 

Mutual effects between different parts play a role in the constitution 
of every cell. Similarly, the effects of one cell and its. products upon 
another cell in the same organism constitute a factor that conditions the 
constitution of the organism. These factors, internal to the organism as 
a whole, but external to a given call, tissue or organ, are considered the 
internal environment of the organism. They are designated as correlative 
influences or effects (12). They may be positional, mechanical, chemical, 
electrical, or radiative. They play a leading role in conditioning that the 
progeny of one cell (the zygote) or of a group of cells, all with the same 
genetic constitution differentiate into tissues and organs. 

The role of correlative pathogenic factors is seen in chlorophyll defl- 
eiencies due to incompatible nuclear and cytoplasmic constituents; in death 
of the zygote due to incompatible nucleus and cytoplasm ; and in abscission 
of buds and young fruits following the ill effects of correlative transpira- 
tion in which water is withdrawn from the tender tissues by more mature 
and actively transpiring leaves. It is also seen in the effects of the pathic 
root system of the peach tree upon its aerial parts in the phony disease of 
the peach. 

Consideration by etiological pathology of the past-history factor and 
of the factor of correlative influences brings experimental pathology into 
intimate contact with physiological genetics as well as with developmental 
physiology and morphology. 

Disposition, The constitution of an organism may be evaluated with 
reference to its capacity or probability of reacting, either adaptively and 
favorably, or nonadaptively and unfavorably, to a given internal or exter- 
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nal stimulus, i.e., witli refereuce to its clianees of persistence or resistance. 
The constitution of an indmdual is such that it is either capable or in- 
eapable of being stimulated into pathic reactions by a particular factor or 
agent. This factor thereby becomes either a pathogenic or a nonpathogenic 
factor as measured by the reaction of the plant. The plant, organ, tissue, 
or cell is said to be susceptible or resistant to or immune from pathogenic 
stimulation by that particular factor or, less correctly, the particular disease 
incited by that factor. Susceptibility and resistance or immunity, there- 
fore, are relative polar concepts; the greater the one, the less the other. 

This relative susceptibility and resistance to pathogenic stimulation are 
designated as positive and negative disposition (18). The term disposi- 
tion, which represents a physiological concept and not a material entity, is 
derived from disponere, to be made ready or prepared.^ When not other- 
wise qualified, the term disposition usually means positive disposition or 
susceptibility. In evaluating susceptibility and resistance, the usual be- 
havior of the organization in question (species, individual, organ, tissue, or 
cell), with reference to its usual internal or external factors, is often taken 
as the norm. Disposition, consequently, is often defined as an exaggerated 
or abnormal reaction to stimuli. 

In so far as the disposition of an organism is genetically determined or 
conditioned it may be said to be a hereditary, geno- or idiotypic disposition. 
This manifests itself especially in the differential susceptibility and resis- 
tance of different genotypes and in varietal, species, generic, and familial 
dispositions. It is exploited practically in selection and breeding for ^‘dis- 
ease resistance.” The expression of disposition which is conditioned by 
nongenetic factors may be designated as nonhereditary, phono- or paratypie 
disposition. It manifests itself in the individual dispositions elicited by 
particular environmental factors and in dispositions correlated with age, 
sex, organs, and external f actors. An absolutely sharp line cannot be drawn 
between genotypic and phenotypic disposition because the actual or pheno- 
typic disposition of an organization is always a resultant of an interplay 
of its genetic and of its nongenetic internal and external factors. Some- 
times the genetic constitution plays such a determinative role that a dis- 
position is essentially genotypic. Disposition represents the particular 
manner in which an organism reacts to any given stimulus at any given 
moment. It is the result of an integration and summation of the effects of 
all factors that have influenced the organism previous to that moment. 
Essentially, it is the past-history effect. 

3 The term diathesis (Sta'^saig), a preparation, arrangement, has essentially the 
same meaning as disposition. Sometimes it is restricted to those dispositions that are 
primarily due to the chemico -physical organization of the tissues. 
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Soraiier (20) designated as predisposition the ex^remon of iinusiial 
snsceptibility by individuals of the same variety in response to environ- 
mental factors. Morstatt (13) designates individual phenotypic suscepti- 
bility as predisposition and reserves the term disposition for genotypically 
determined susceptibility. Fischer and Graumann (5) use the term sus- 
ceptibility (EmpfdnglicMeit) for both genotypically and environmentally 
conditioned individual susceptibilities, but restrict the term disposition to 
the latter. 

External Pathogenic Factors, The class of external pathogenic factors 
or agents comprises all pathogenic factors that influence a living organiza- 
tion from without. They may be effective either singly or in combination 
and direetly or indirectly. Every type of environmental factor is poten- 
tially pathogenic for some organization at some place, at some time. Under 
certain conditions of intensity, duration, and even of occurrence or non- 
occurrence, a given factor may be antecedent to a healthy reaction ; under 
others, to a pathic reaction. 

Nonliving External Agents. There is no need to discuss here the various 
agents that comprise the categories of physical and chemical pathogenic 
factors. Plant pathology and, to a greater extent, certain phases of physi- 
ology and ecology, have devoted themselves to study of this phase of etio- 
logical phytopathology. By wholehearted consideration of the role of these 
factors as conditioning agents of susceptibility to pathogenic infection and 
as direct determinative pathogenic factors, experimental pathology comes 
into intimate contact with physiology and ecology. 

Living External Agents. If one of the significant external factors or 
agents is another organism, as in predatism, pathogenic epiphytism, patho- 
genic parasitism, and pathogenic infection, the pathogenic activity of the 
foreign organism must be analyzed into its determinative and/or its condi- 
tioning factors. The attacking organism itself is an event like an attacked 
one, and the interplay of the stimuli and reactions of both of these organ- 
isms constitutes the most complex type of event with wdiich the pathologist 
has to deal. 

The relative capacity of a predator to attack, i.e.y its predativity, and 
of a foreign organism to infect or to infest, i.e.y its inf ectivity or its infes- 
tivity, may be included in the general concept ‘^aggressivity.^’ The rela- 
tive capacity to incite a pathic event may be designated as pathogenioity 
or specifically in eases of microorganisms as virulence. Aggressivity and 
pathogenicity may be considered an aspect of the disposition of an organism 
and are measured by the extent to which it exploits the susceptibility or 
overcomes the resistance of the organization with which it becomes asso- 
ciated. Susceptibility and resistance, on the one hand, and aggressivity and 
pathogenicity, on the other hand, are reciprocal or polar values or terms. 



1933] Link: Etiological PuYTOPATHOLOGY 853 

Aggressivity and pathogenieity at any given time and place are deter- 
mined and/or conditioned for a given foreign organism or its parts by (a) 
its internal factors/i.e., factors of its own constitution and (b) its external 
factors, of which the constitution or disposition of the attacked plant, by 
virtue of its susceptibility or resistance, is the most important one. At 
times, factors external to both organisms affect the foreign organism 
directly. The internal factors for the foreign organism are its genetic 
constitution, its past-history factor, and the factor of correlative influences. 

If the genetic constitution is the sole or determinative factor in aggres- 
sivity and pathogenicity these may be designated as hereditary, genotypic, 
or idiotypic aggressivity and pathogenicity. The actual phenotypic aggres- 
sivity and pathogenicity manifested at a given time and place, however, are 
resultants of an interplay of internal genetic and nongenetie factors and 
of external factors. Fischer and Gaumann (5) distinguished between (a) 
innate, constitutional differences in aggressivity and (b) changes in aggres- 
sivity, which they call disposition. As pointed out previously, it seems 
preferable to use this term to represent the phenotypic expression of the 
resultant interplay of internal and external factors. The aggressivity and 
pathogenicity of an organism may be correlated with age, sex, taxonomic 
relationship, nuclear phase, developmental phase, as well as with definite 
organs, tissues, or cells of an individual. 

The phase of etiological pathology that deals with pathogenic parasites 
brings experimental pathology into intimate contact with parasitology, 
especially with its bacteriological, mycological, nemathelminthological and 
entomological aspects. In so far as it deals with the internal factors that 
condition the aggressivity and/or pathogenicity of predators and parasites 
it brings experimental pathology into intimate contact with the genetics 
and developmental physiology of these organisms. Since the time of de 
Bary, etiological phytopathology has been predominantly parasitological, 
and parasitism and inf ection have been its leading concepts. 

SUMMARY 

For the sake of convenience the factors or agents that may condition 
and/or incite a pathic event within an acellular^ or unicellular organization 
or within any given part of a particular tissue or cell of a multicellular 
organism may be summarized in the following tabular form : 

I. Internal factors (factors within the organism) 

A. Genetic constitution 

1. Chromosomal genes 

2. Cytoplasmic genes 

3. Nongenic genetic factors (plasmone) ? 

4 By acellular is meant a living organization not involving a nucleus and cytoplasm. 
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B. Past Hstory 

1. Original nongenetic eonstitutw^^ 

2. Acquired nongenetie constitution 

C. 'Oorrelative influences 

1. Between parts o£ same cell or of an acellular organism 

2. Between different cells or tissues and/or their products 
II/ External factors (factors outside the organism) 

A. Physical agents 

1. Light and other rays 

2. Heat 

3. Cold 

4. Electricity 

5. Eadiations 

6. Mechanical-traumatic agents 

B. Chemical agents 

1. Toxic substances 

2. Enzymes 

3. Hormones (growth-promoting and inhibiting substances) 

4* Nutritive and metabolic substances 

C. Organized living agents 

1. Organisms effective without contact 

2. Organisms effective by temporary contact (predators) 

3. Organisms effective as epiphytes and epizoa 

4. Organisms effective as parasites (plant and animal) 

The aggressivity and pathogenicity of each pathogenic foreign organism 
must be analyzed so far as possible into their determinative and/or condi- 
tioning factors, which are of the same kind as those listed in categories I 
and II. To conserve space these are not repeated for each subcategory of 
category II C. Schemata that diagrammatically represent the possible 
influences of these factors as antecedents of a given pathic event in a given 
place at a given moment have been presented in an earlier paper ( 12 ) . 

II. mPECTION AND PARASITISM 

a. Infection 

It is obvious that adoption of a thoroughgoing etiology removes infection 
and parasitism from the center of etiological pathology. They nevertheless 
are such important aspects of etiology that they deserve special consid- 
eration. 

The term infection is derived from the Latin verb inficerej which means 
to put in, taint, pollute, defile, contaminate. In present-day biology the 
term has come to mean : the act of communicating a foreign organism, 
specifically, a microorganism; the foreign organism which is communicated; 
the state of harboring a foreign organism ; the event of interaction between 
the foreign and the contaminated organisms; the pathic reaction of the 
contaminated organism to the presence of the foreign organism ; the act of 
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commnnicating disease; a disease whicli is communicable. In this discus- 
sion the term infection is used to designate the state of being contaminated 
by a minute foreign organism. Typically, this contaminating organism is 
microscopic; at least Y^hen it lodges and/or enters and permeates the 
affected organism. At one extreme/ '"as in contamination by filterable 
viruses, infection therefore grades imperceptibly into intoxication by 
poisons ; at the other, as in the parasitism of mistletoe, it grades imper- 
ceptibly into infestation, that is, contamination by a large foreign organism. 

The term contagion has essentially the same meanings as infection. It 
is derived from the Latin verb aontangere^ which means to touch. Some- 
times the term contagium is used to designate that which is communicated, 
while contagion is used in contradistinction to express the act of communi- 
cating. Contagion is also defined as infection by contact.^ 

b. ^Parasitism 

Many infections involve the event of parasitism. The concept para- 
sitism has been variously and contradictorily defined. The definition here 
used is an adaptation of one given by Thompson (21). If an organism 
of one kind lives on or within a living individual of the same or of another 
kind, the host, in a one-sided nutritive relationship, which is not beneficial 
and is often harmful to the host, the individual is said to be a parasite. 
The concept parasitism, therefore, is formulated to apply at the individual 
or species level of organization of biological entities. It is, therefore, 
essentially an ecological concept. The organism on or within which the 
parasite is living and from which it derives its food is said to be parasitized. 
The relation of parasitism relieves the parasite from most of the activity 
and struggle usually associated with procuring food and thus tends to 
induce some degree of simplification or degeneracy. One-sided food rela- 
tionship between two associated individuals, therefore, is the essence of 
parasitism. This was the original implication of the term. In Greek 
society a person who was assigned by social custom and law to eat at the 
table of another was designated as a parasite ( Trapaortro? ) . The biological 
concept implies more than a space relationship, but it does not necessarily 
imply a biologically significant harmful effect, even though it precludes a 
mutually beneficial relation. 

The first detailed discussion of parasitism of plants is found in the 
‘'Causes of Plants’’ by Theophrastus (27). In his analysis of the relation 
of mistletoe to trees he recognizes the mistletoe as a separate, independently 
propagating plant whose seeds are disseminated by birds. Theophrastus 

5 The history of these concepts will he published as a separate paper, ^^Pathic 
Events in Plants and the History of Inf eetion. ^ ^ 
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recognized tliat the mistletoe lives at the expense of the infected tree and 
that this association often leads to harmfnl effects for the tree. In this first 
phytopathological classic on parasitism Theophrastus does not transfer the 
term parasite from the social to the botanical vocabulary. It is significant 
that he does not discuss the mistletoe in the chapters devoted to anomalies, 
injuries, diseases, and death of plants, but in the course of his discourse on 
the nutrition of trees. He compared its nutritive relation to its host with 
that of a scion to its stock. He did not, of course, know that the green 
leaves synthesize part of the food of the scion. Theophrastus also recog- 
nized that dodder, orobanche, and fleshy fungi live attached to and at the 
expense of other plants, often with fatally pathogenic effects. 

Tnbeuf (23), in his excellent monograph on the mistletoe, lists examples 
of superstitious belief s and folk and medical lore of various peoples of Europe 
about this interesting plant. These show clearly that the anomalous mode 
of life of the plant rendered it an object of early and special interest to 
prescientific man. The mistletoe is listed in the earliest herbals of Europe. 
Matthioli (1586) considers it a self -propagating plant. Later (1679), 
Malphigi studied the anatomy of the mistletoe and considered it a parasite 
that incites galls. He does not, however, designate it by the term para- 
site. The mistletoe apparently was not called parasite in the scientific 
literature (although early German literature designates it Schmarotzer) 
until the 17th century. 

Sarauw (19) states that Micheli (1729) introduced the term parasite 
into scientific literature in connection with his discussion of the Balanophor- 
aeeae. Micheli, in fact, first used the term parasite in 1720. The first 
record I have been able to find of its use in botanical literature is by Eay 
(16) in his Historia Plantarum of 1688. The close of the general discussion 
of the first volume (1670) of this significant treatise is devoted to a thor- 
oughgoing naturalistic discussion of Diseases of Plants. In discussing the 
mistletoe, Eay says ^^Viscus est planta parasitica.’’® Ray, quoted by 
Duhamel (3), also reports that the London apothecary Doody succeeded in 
growing the mistletoe from seed and thus demonstrated experimentally 
that it is an independent self -propagating plant. Tournefort (22), in his 
Memoir on Diseases of Plants of 1705, in the course of a discussion of the ex- 
ternal incitants of disease, including fungi, designates a considerable assem- 
blage of plants, including dodder and mistletoe as parasitic plants. 

The first record of unequivocal application of the term parasite to a 
definite fungus that I have been able to find occurs in a memoir by 
Duhamel (2) in 1728 on the decay of Safron. In this phytopathological 

6 A reference by Guettard (8) to. Morison^s Plantarum Historia Universalis 
Oxoniensis may indicate that Morison may have applied the term parasite to certain 
plants in 1672 or 1680. 
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classic tlie term parasite is applied to a mierofungus, wliicli Dnliamel con- 
sidered a truffle-like plant, now designated as Bhizodonia erocorum. 
Duliamel proYed experimentally that this fungus is able to live in the 
soil ; tliat it may grow into and live at the expense of the safron bulb; 
that it may incite decay of the scales with attendant death of the entire 
plant. He showed that it could parasitize other Liliaceae and Amaryli- 
daeeae. He suggests isolation, rotation, and sanitation as control measures. 
This paper, which is a landmark in parasitological mycology and plant 
pathology brought Duhamel election to the Royal Academy. The fact that 
Tournefort (1705) and Duhamel (1728) use the verb parasitize, the adjec- 
tive parasitic, the noun parasite, without the type of discussion usually 
attending introduction of new concepts and terms, may indicate that these 
terms had been used previously in French scientific literature. Tournefort 
merely says, after listing dodder, mistletoe, and other plants, With good 
reason these are called parasitic plants.’^ The term parasite was part of 
early literary French and English. Rabelais (1495--1533), Shakespeare 
(1564r-1616), and Ben Jonson (1573--1637) applied it to certain characters 
of their plays. 

Guettard (8), in a memoir on the adherence of dodder to other plants 
(1744) and (9), in a memoir on parasitic plants (1746), recognized levels 
of parasitism ranging from slight to full food dependence of the parasite 
on the host. In 1762 Duhamel (4) devoted Book V, Chap. I, Art. V, of 
^‘La Physique des Arbres’’ to a discussion of /^Des plantes parasites. ’ ’ By 
1767 Fontana (6) recognized rusts of wheat as parasitic, self -propagating 
pathogenic fungi. 

It is contended in some quarters that BMzopics nigricans , which often 
grows on or within the storage root of the sweet potato, and derives its food 
from this organ, or Femes pinicola, which often grows within and derives 
its food from the dead heart-wood of living trees, should not be regarded 
as parasites because they invade only through wounds and derive their food 
only from dead cells. This interpretation of the concept of parasitism has 
led to much confusion. It is based in part upon a failure to recognize that 
a concept formulated to apply to an organism as an individual or whole is 
not necessarily applicable to its tissue or cellular level of organization. 
The essence of the concept of parasitism, in so far as nutrition is concerned, 
is dependence of one individual upon another living individual for food, 
irrespective of whether the materials used by the dependent individual or 
parasite are actually derived from the living or dead parts of the host. 
Consequently, a hetero trophic organism such as Bkkopus nigricans or 
Fomes pinicola may be considered a parasite in that it obtains its food from 



858 Phytopathology [Vol. 23 

a living individiiaP even though it actually uses only nonliving constituents 
o£ the host. 

It is convenient, therefore, to recognize different food habits in parasites. 
One group of parasites derives its food from the living tissue of the host, 

from living cells and/or their immediate products, such as the cell 
walls. The other group, while living on and at the expense of their hosts, 
derive their food from dead tissues and cells and their products. The first 
group may be said to be living biotrophically (A®?, bios = living ; 
trophe = f ood) , or as biotrophic parasites. The second group of parasites 
may be said to be living necrotrophically (ve/cpos, necrose dead) or as 
necrotrophic parasites. If one prefers, with Mtinch (15), to distinguish 
between those necrotrophic parasites that kill tissues before they use them 
as food and those that utilize as food the tissues killed by agents other 
than themselves, one may say that the former carry on nutrition thyma- 
trophically, or as thymatrophic parasites (Ovfm^ thyma = victim), and the 
latter saprotrophically or as saprotrophic parasites ( o-airpo? ^ sapros = rotten) . 
The latter term is applicable only because in biology sapros has come to 
mean more than rotten, being used in the sense of nonliving. Thus an 
organism growing on a dead body or on an artificial medium is currently 
designated as a saprophyte. The first group includes all of those patho- 
genic parasites that kill and destroy tissues by means of toxic by-products 
and enzymes prior to their invasion and utilization as food. An organism 
living as a parasite may, therefore, obtain its nutrients either biotrophically 
or necrotrophically. These terms recognize the differences that exist be- 
tween Fuccinia graminisj which lives on the living tissues of wheat, and 
Fomes pinicola, which lives on the dead heart wood of a standing, living 
tree. In the latter case the presence of the parasite has potential patho- 
genic implications for the tree as a living whole, even though, considered 
at the cellular level of the host, the parasite is living only at the expense 
of the dead tissues. 

The concept infection, therefore, is a broader one than parasitism. All 
cases of parasitism are infections or infestations but not all infections 
involve parasitism. Thus the epiphytism of microorganisms is a phase of 
infeetion but not of parasitism. Furthermore, not all parasites are patho- 
genic; hence, one must distinguish between pathogenic and nonpatho- 
genic parasites. The flagellate Herpetomonas spp., which live in the latex 
of spp. are nonpathogenic parasites. 

If an infection is part of the antecedent complex of a pathic event it is a 
pathogenic infection and the resultant is designated as an infectious disease. 

7 Because of the low level of organization of plants certain plant organs such as a 
sweet-potato storage root and other parts of plants capable of continued existence when 
severed from the plant as a whole may be considered individuals. 
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This use of the term infectious disease differs from the usual meaning of the 
term that emphasizes communicability or capability to communicate. In fact, 
common usage with its reflection of the ancient anthropomorphic notion that 
diseases are discrete entities is incorrect in the light of biological conceptions 
about the nature of pathic events. In reality, as pointed out by Henle in 
1840 (10) , only the infective pathogenic agent, i.e.^ the incitant, is communi- 
cable; the pathic processes, the essence of the pathic event, are not transmis- 
sible.® If the infective agent is transmissible by contact alone the resultant 
pathic event is often designated as a contagious disease in contradistinction to 
infectious diseases, in which the infective principle may be communicated by 
carriers such as other organisms, soil, water, and air. In common usage, how- 
ever, the terms contagious and infectious diseases frequently have essentially 
the same meaning. 

Obviously not alL infections are pathogenic. Many individuals of the 
heath family harbor various mycorrhizal fungi (17), i.e., they are infected. 
However, some of these infeeted plants, as individuals, do not display any 
pathic reactions : in fact, the association is supposed to be of actual 
benefit to them. Nevertheless, particular infeeted cells may be pathic in 
that they degenerate and die prematurely because of the infection. Here 
again, it must be borne in mind that an infection may be nonpathogenic 
when evaluated with reference to an organism as a whole but pathogenic 
when evaluated with reference to particular organs, tissues, or cells of this 
individual. Thus the legume plant as a whole may be benefited by an 
infection of nodule-inciting bacteria, whereas particular cells in the root 
are necrotized or incited to pathic development and reproduction. These 
and the wound responses of many other cells not invaded, which often 
differentiate into new kinds of tissues, give rise to the gall. All gradations 
of harmful and beneficial effects to the plant as a whole are exhibited by 
nodule-bearing legumes. It appears that the bacteria are not able to readily 
invade the roots or establish themselves unless a soil-nitrogen deficiency so 
seriously disturbs the earbohydrate-nitrogen metabolism of the plant that 
it may be considered pathic. A benefited infeeted plant may, therefore, be 
considered as a plant that was pathic that became locally infected as a 
consequence but that, by virtue of the secondary effects of the local infec- 
tion, overcame the original pathic state. Additional data are found in a 
monograph by Fred and associates (7). 

In infectious diseases, as well as in diseases incited by the larger foreign 
organisms, the incitant releases chains of reaction or initiates processes in 
the infeeted or infested plant that in turn set up stimulus-reaction chains 
in the infective or infesting agent. These reactions manifest themselves in 

8 It is possible that some chlorophyll defieieneies involve transmission of a pathic cyto- 
plasm from mother to progeny through the megagamete. 
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part in tlie susceptibility and resistance of tlie infected plant and in the 
infectivity or inYasiveness and virulence of tbe infective agent. Tlie re- 
sultant is the most complex type of pathic event found in living systems. 
It consists of process complexes that manifest themselves in regressive, 
neerotie, repressive, and/or progressive pathic changes in both the infecting 
and infected organism. These process complexes consist of processes 
that diifer in no way from those that characterize pathic events whose 
etiological complex does not include an infective agent or from those that 
characterize healthy events. They differ from those of healthy events 
largely in that the duration, intensity, and combination of the constituent 
processes are characterized by lack of regulation and integration. 

III. ETIOLOGICAL CLASSIFICATION OP PATHIC EVENTS 

Beginning with the taxonomic phase, which dominated biology during 
the 18th century, attempts have been made to classify pathic events as 
though they were discrete entities. Pathic events do not exist apart from 
individual living entities and hence can be classified only if they are ab- 
stracted into concepts that generalize the particular events occurring within 
individual organisms. Such abstraction, however, is necessary if the maze 
of our sense experiences about pathic events is to be coordinated into a con- 
venient system and if relations are to be formulated and a scientific pre- 
sentation made possible. 

Etiology concerns itself in part with the classification of antecedents 
of pathic events, but it is not concerned wdth the classification of pathic 
events themselves. Etiology, however, has furnished several bases for clas- 
sifying pathic events that have proved more convenient than systems based 
on other criteria. Consequently etiological classifications of pathic events 
have become and probably will remain dominant in phytopathology. 

In consonance with the classification of pathogenic factors previously 
given, pathic events may be grouped as follows : 

I. Pathic events incited or determined by internal factors 

B, By nongenetic factors. 

II. Pathic events incited or determined by external factors 

A. By physical agents 

B. By chemical agents 

C. By organized agents 

1. By organisms effective at a distance 

2. By organisms effective by temporary contact (predators) 

3. By organisms effective as epiphytes and epizoa 

4. By organisms effective as parasites. 
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In this classification the phrase ‘Spathic event incited or determined 
is to be read to mean a pathic event in whose etiological complex a par- 
ticnlar factor plays the inciting or determinative role. 

Pathic events are grouped most frequently as nonparasitic and para- 
sitic pathic events (diseases). This system or variants of it have long been 
in vogue and are widely used today. In the classification just given, all 
categoiues, excepting II 4, represent non-parasitic pathic events. If ^'para- 
sitic disease’’ is defined to mean any pathic event whose etiological complex 
includes a parasite, ie., as a pathic event that is incited or determined by 
a parasite, and "nonparasitic disease” is defined to mean any pathic event 
whose etiological complex does not include a parasite, i.e., as a pathic event 
that is not incited or determined by a parasite, these categories are etiolog- 
ically sound and their use does not necessarily stifle the development of gen- 
eral cellular phytopathology nor split the field of phytopathology into ap- 
plied botany and applied zoology. This results only if the content or sub- 
^ect-matter of phytopathology is delimited on an etiological basis and is 
avoided if the essence of the concept "pathic event” is taken to be a harm- 
ful occurrence within an organism rather than an occurrence brought about 
by a particular kind of factor or agent, or by a factor that is not a im^al 
part of the environment of the affected organism (12). 

IV. ETIOLOGICAL CLASSIFICATION OF CONTROL MEASURES 

An etiological classification of pathic events that recognizes that factors 
both within and without the plant may play inciting and or conditioning 
pathogenic roles gives a basis for classification of control measures that is 
of use in general plant pathology. Control measures, on this basis, may be 
placed into one category that comprises those measures that are directed 
primarily or solely at the potentially or actually pathic plant as a patho- 
genic factor and into a second category that comprises those directed pri- 
marily or solely at factors outside the potentially or actually pathic plant, 
as pathogenic factors. 

University OF Chicago, 

Chicago, III. 

literature CITED 

1. Baey, a. de. Untersuelnmgen liber die Braiidpilze mid die durcb sie verursaeliteii 

Krankbeiten der Pflanzen. 144 pp. G. W. E. Muller, Berlin. 1853. 

2. Dithambl m Monceaxj, H. Jj. Explanation physique d^une maladi© qui fait p6rir 

plusieurs plantes dans le G§»tinois, partieulierement de safran. Mdm. Acad. Sei. 

3. ' ' — — — . Biverses observations sur le Guy. Mem. Acad. Sci. Paris 1740: 

483-510.; , 1742. ■ 

— — — . La physique des arbres . . . , vol, 2: 217-229. H. F. Gu4rin and 
L. F. Belatour, Paris. 1758. 


4 . 


862 Phytopathology [Vol. 23 

5. PiscHEn, E.j and E. Gaumanh. Biologie der Pflanzenbewolinenden jJarasitisclieiL 

Pilze. 428 pp. G. Eischer,- Jena. 1929. 

6. Eontana, E. Observations on the rust of grain. 1767. Translation by Pascal 

Pirone, in Phytopathological Classics ISTo. 2. 40 pp. American Phytopathologi- 
eal Society. 1932. 

7. Ered, E. B., I. L. Baldwin, and E. McCoy. Root nodule bacteria and leguminous 

plants. Eniv. "Wis. Studies Sei. No. 5, 343 pp. Madison, 1932. 

8. Guettabd, J. B. Memoire sur Padherenee de la Cuseuta aux autres Plantes. Mem. 

Acad. Sei. Paris 1744: 170-190. 1748. 

9_ _ — — . Second memoire sur les plantes parasites. M4m. Acad. Sci. Paris 

1746: 189-208. 1751. 

10. Henlb, J, Von den Miasmen und Contagien und von miasmatischeontagiosen 

Krankheiten. 1-82 pp. In Pathologische Enter suehungen. 274 pp. August 
Hirschwald, Berlin. 1840. 

11. Kuhn, C. G. editor. Galen, Claudius. Opera Omnia (Greek & Latin texts). 20 

vol. Leipzig. 1821. 

12. Link, G. K. K. The rdle of genetics in etiological plant pathology. Quart. ReY, 

Biol. 7: 127-171. 1932. 

13. Morstatt, H. Einf uhrung in die Phanzenpathologie ; . . . 159 pp. Gebriider 

Borntraeger, Berlin. 1923. 

14^ ; PfLanzenpathologie als Wissensehaft und Enterrichtsgegenstand. 

Proe. Int. Cong. Plant Sci. [4] Ithaca, 1926, 2: 1194-1203. 1929. 

15. Munch, E. Eeber einige Grundbegriffe der Phytopathologie. Zeitschr. Pflanzenkr. 

39:276-286. 1929. 

16. Rat, John. Historia plantarum; , . . vol. 2, p. 1583. 3 vols., H. Eaithorne, Lon- 

don, 1686-1704. 

17. Rayner, M. C. Myeorrhiza (New Phytologist Reprint No. 15) 246 pp. Wheldon 

and Wesley, Ltd., London. 1927. 

18. RdssLE, R. Allgemeine Atiologie. In Aschoff, L. Pathologische Anatomie. 7th 

ed. p. 553. Gustav Fischer, Jena. 1928. 

19. Sarauw, G. Rodsymbiose og mykorrhizer saerlig has skovtraeerne. Botanisk 

Tidskrift 18; 127-259. 1893. 

20. SORAUER, P. Handbuch der Pflanzenkrankheiten. (1st Ed. 1874)) 5th ed. vol. 

1. Die nichtparasitaren Krankheiten, by Paul Graebner. Paul Parey, Berlin. 
1924. 

21. Thompson, J. A. Parasitism. Encyclopaedia Britannica. Ed. 14. 1929. Vol. 

17, pp. 271-276. 

22. Tourneport, J. P. Observations sur les maladies des plantes. M6m. Acad. Sei. 

Paris 1705: 332-340. 1730. 

23. Tubeue, K. von. Monographic der Mistel. 832 pp. R. Oldenbourg. Munich und 

Berlin. 1923. 

24. Ward, H. M. Pathology of plants. In Plants. Encyclopaedia Britannica lOth" 

13th editions. 

25. Whetzel, H. H., L. R. Hesler, C. T. Greoory, and W. H. Rankin. Laboratory 

outlines in plant pathology. Ed. 2. 231 pp. W. B. Sannders Co., Philadel- 
phia. 1925. 

26. Whetzel, H. H. The terminology of phytopathology. Proc. Int. Cong. Plant Sci. 

[4] Ithaca, 1926, 2: 1204-1215. 1929. 

27. WiMMER, E. Theophraste. De Causis Plantarum. Opera (Graece et Latine) 

Paris (Didot). 1866. 



GBETAIN SCLERGTIUM DISEASES OF GRAINS AND GRASSES" 
Ruth Bemsberg ahb G. W. Hunger ford 
(Accepted for publication Jan. 3, 1933) 

INTRODUCTION 

A fungous disease, which appeared in the wheat fields when snow was 
melting, was first reported in Idaho (4) in the spring of 1922 in Fremont 
and Teton Counties. This disease has occurred in this, region with more or 
less severity each year since then. It was of considerable importance in 
1931 and 1932 on the University of Idaho Substation Farm at Sandpoint, 
Idaho, and was reported in 1931 from near Hill City, Idaho, and in 1932 
from near Cascade, in Long Valley, Idaho. This same disease has been 
reported on wheat from Washington^ and Montana®*^ and has been found on 
lawn grass in Ithaca, New York,® and at Moscow, Idaho. Injury from ap- 
parently the same disease is noticed almost every year in northern parts 
of Japan (1, 5). It has been found in northern Germany (3, 6, 7) and in 
the Scandinavian countries (2). 

The disease is most commonly found at high altitudes where winter wheat 
is grown and in localities where the snow disappears late in the spring. 

DESCRIPTION OF DISEASE 

The disease ivas first attributed to snow injury but later a fungus was 
found always associated with it. The plants seem to be infected under the 
snow, since portions of the leaves appear scalded and discolored in spots 
when the covering of snow is taken away. After the snow melts, these leaves 
die and become greyish white, on drying, and finally become matted together 
on the ground. When a field is heavily damaged, entire areas are covered 
with greyish white dead plants. When the damage is slight, green leaves 
may be seen here and there. As the weather becomes warmer, the activity 
of the fungus ceases, and the partially infected plants grow vigorously, and 
often the effects of the disease are gradually overcome. Because of its gen- 

1 Published with the approval of the Director as Research Paper No. 101 of the 
Idaho Agricultural Experiment Station. 

2 Heald, F. D. Bclerotium rhimdes Avers. IT. S. Dept. Agr. Bur. PI. Indus. PI. Dis. 
Rptr. Suppl. 35: 270. 1924. 

3 Young, P. A. Sclerotium blight (TyphvZa graminum,) U. S. Dept. Agr. Bur. PI. 
Indus. PI. Dis. Rptr. 13: 70. 1929. 

4 Young, P. A., and H. E. Morris. Sclerotium root rot {Typhula graminum Karst.). 
U. S. Dept. Agr. Bur. PI. Indus. PI. Dis. Rptr. Suppl. 69 : 127. 1929. 

5 Dr. H. H. Whetzel of Cornell University kindly sent the writers a specimen of 
lawn grass on which were found a few selerotia. A culture was secured from these 
sclerotia. 
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Fig. 1. A. Winter cereal plots on. the University of Idaho Substation Farm at 
Sandpoint, Ida. These plots were almost entirely destroyed by the snow-scald fungus. B, 
Healthy and diseased Mosida winter wheat plants soon after the snow had melted. Note 
that only a portion of one plant was diseased- Photographs by J. H. Christ. 

In the first stages of the disease, the infected parts are covered -vvitli a 
•white gro-wth and, later, hrown sclerotia appear in abundance throughout 
the infected tissue. After the snow disappears, layers of white, mouldy 
growth are found on the soil and infected plants. (Fig. 1, A.) Soon the 
infected leaves lose their green color, become dry, and lie matted on the 
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eral appearance in the field, it has been called “snow-mold” and “snow- 
rot” by Japanese workers (1, 14, 15) . Due to the scalded appearance of the 
plants as the snow melts, the writers suggest the name “snow scald.” 





Fig. 2. A. .and B. Wooden frames nsed to test the pathogenicity of various cul- 
tures of fungi. Cultures containing sclerotia were added to the soil inside the wooden 
frames in the spring. The frames were then covered with cloth during the summer. 
Wheat was planted Sept. 25 in the frames and in the noninoculated soil adjacent as a 
cheek. Note that nearly all plants were killed in the frames. C. Infected winter wheat 
plant taken from the field early in April. Note the numerous sclerotia embedded in the 
tissues. 
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grohind. Some of the inner leaves may still be green and the plant only 
partly killed. The leaves, stems, crowns, and roots of the plants may show 
signs of infection. The roots of the infected plants are often found rotted, 
and mycelia appear on them near the surface of the ground. Often the 
leaves, stems, and other infected parts are covered with sclerotia that 
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range in size from an ordinary pinhead to several times as large. (Pig, 
2, 0.) Early in the season the sclerotia are yellow or light brown but turn 
dark later. Wlien mature they are ovoid to spherical, dark brown, and of 
irregular, rough contour. They are often massed together. They are 
fastened so securely to the infected plant that it is almost impossible to 
remove them without tearing the tissue. These sclerotia may also occur on 
the roots an inch or two below the crown and a great many of them are 
often found embedded within the leaf sheaths. They are very numerous 
on the leaves of the dead plants or on plants that have been partially killed. 
On the partly killed plants light brown, spotted areas appear along the inner 
leaves, while the outer areas die. The fact that portions of the plant may 
be attacked or killed by the fungus while the rest of the plant is apparently 
healthy, has been considered good field evidence of the pathogenicity of the 
fungus. (Pig. 1, B.) During the summer, these plants, dwarfed and 
weakened by the disease, are found scattered over or along the edges of the 
infected areas. Only a few short heads develop upon such plants and the 
kernels of wheat produced are badly shrivelled. The dead areas in the field 
correspond to places where the snow disappeared late in the spring. Since 
the plants become infected during the winter, it is thought that the sclerotia, 
which fall to the surface of the ground, or remain on the stubble in the 
field, may be the source of infection the following year, 

ECONOMIC IMPORTANCE 

The disease ranges in severity from a slight trace to a total loss. In 
high, dry fields the damage is only slight, while in low, moist places or 
where the snow remains on the field late in the spring, the damage is very 
severe. In the fields in Teton and Fremont Counties, in 1923, the damage 
ranged from a trace to 50 per cent. At the Sandpoint Substation in the 
experimental plots of wheat and barley, in the spring of 1931, the damage 
ranged from 5 to 85 per cent. In some cases the yield was reduced 75 per 
cent. When the disease is very severe, the fields often have to be reseeded 
to spring wheat. In 1922, 1926 1929, and 1932 snow scald caused varying 
amounts of damage in certain areas of Teton and Fremont Counties. In 
each of these years from several hundred to several thousand acres of 
winter wheat were killed and had to be reseeded in the spring. 

EXPERIMENTAL DATA 

The causal organism may be easily isolated from either the sclerotia, 
which are formed so abundantly in the infected parts of the plant, or from 
the infected plant tissue, themselves. The fungus grows readily upon 
various media, and sclerotia form abundantly from 1 to 4 weeks later. 
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Specimens of diseased plants or cnltnres of organisms from grains and 
grasses have been obtained from 10 different sonrces. 

1. Culture No. 226 came from material sent to the experiment station 

from Drummond, Idaho, (altitude approx. 6,000 ft.) in 1926. 

2. Culture No. 227 was isolated from diseased wheat plants from Felt, 

Idaho, (altitude approx. 6,000 ft.) in 1930. 

3. Culture No. 278 was obtained in 1931 from diseased barley plants 

from the Sandpoint-Substation variety-test plots (altitude 
approx. 2,127 ft.). 

4. Culture No. 279 was obtained from Hill City, Idaho, (altitude 

approx. 5,200 ft.) in 1931 from a portion of a wheat field where 
snow had remained rather late in the spring. 

5. Cultures No. 280 and No. 281 were isolated from 2 diseased speci- 

mens of wheat from fields at Felt, Idaho, in 1931. 

6. Culture No. 282 was obtained from diseased grass from Ithaca, 

New York, in 1931. 

7. Cultures Nos. 283, 284, 285, and 286 were obtained from Heizi 

Tasugi, Tokyo, Japan, in 1931. These were isolated in 1926 
and 1928 from barley, wheat, timothy, and foxtail grass {Alo- 
pecurus fulvus L.). 

8. Culture No. 287 was obtained from grass from a lawn in Moscow, 

Idaho, (elevation 2,600 ft.) in 1932. 

9. Culture No. 288 was obtained from orchard grass {Dactylis glomer- 

at a L.) on the golf course in Moscow, Idaho, in 1932. 

10. Culture No. 289 was isolated from diseased barley in the variety test 
plots at the Sandpoint Substation in 1932. 


TABLE 1.— Diameter of vegetative mycelia and size of sclerotia of the organisms 
in each of the 4 groups of fungi 


Group 

Culture 

Diameter of vegeta- 
tive hyphae 

Size of sclerotia 


No. 

pi 

Diam. in mm. 

I 

226 

2.44-3.33 

0.1-0.25 


277 . 

4.22-4.88 

0.9 -2.0 

II 

279 

2.89-4.44 

t 0.9 -1.2 


281 

3.55-4.44 

1 

o 


278 

2.88-4.44 

1.0 X 1.5 - 1.9 X 2.0 


282 

3.21-4.66 

; 1.8 X 2.0- 2.0 X 4.0 


283 

3:55-4.44 

2.0 X 2.3 - 2,5 X 2.5 

III 

284 

3.77-4.66 

1.4 X 2.0 - 2.0 X 2,2 


285 

2.89-3.77 

1.6 X 1.6- 2.0 X 2.3 


286 

2.44-4.22 1 

2.0 X 3.0- 2.5 X 2.9 


287 

3.33-4.44 

1.1 X 1.5- 1.7 X 2.0 


288 

3.55-4.44 

1.5 X 1.9 - 1.5 X 2.0 


''""■"■■'289,, ■ 

3.21-4.44 

1.2 X 2.0- 2.0 X 2.2 

■: IV ' 

280 I 

4.44 — 6.66 

4.0x5.0-6.0x10 
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These 14 sclerotia-forming fungi have been studied carefully. Observa- 
tions on their growth characteristics and reactions to environmental condi- 
tions have resulted in classifying these various isolations into 4 different 
groups, those in pacli group having approximately the same characteristics. 

morphology 

When a selerotium germinates, it sends out white, branched, septate 
mycelia. These mycelia at first adhere closely to the surface of the medium, 


I’m 3. A. Cultures showing characteristic progressive development of solerotia on 
potato-dextrose agar slants. B. 138-day-old culture No. 278 growing on potato-dextrose 
agar. This photograph illustrates the typical fluffy mycelia and the thread-like growths 
composed of compact masses of mycelia growing from the sclerotia. 
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but later become aerial and fluffy. The hyplial septae may be either at 
right angles or oblique to the long axis of the hypha. In cultures belonging 
to groups II and III the septae are accompanied very frequently by clamp 
connections. The long liyphae branch and reJbranch many times. Growth 
is very slow in group IV as compared with the other groups. The content 
is more or less granular and the cells often appear vacuolated. Sclerotia 
are formed by a dense cluster of hyphae whose cells become somewhat 
enlarged. The young sclerotia seem to originate from a single hypha or 
from two to several knotted together. Sclerotia may form in a central mass 
in culture or in concentric rings or profusely scattered over the surface of 
the media. (Fig. 3, A.) They are often accompanied by honey-colored 
drops of watery secretion. In group I, the sclerotia appear both rapidly 
and profusely and are separate and distinct from each other. They have no 
rind in cross-section, are light brown to black when mature. They are 
spherical to oval in shape and smooth. The sclerotia in group II do not ap- 
pear so rapidly as those in group I, and may appear agglomerated. They 
have no rind in cross-section, are spherical to irregular in shape, and either 
smooth or rough. They are light brown when young and dark brown when 
mature. Sclerotia in group III appear with about the same rapidity as in 
group II but often coalesce into large spongy masses. They are pinkish 
orange and gelatinous when young and reddish brown with a tough rind 
when mature. They are rounded to irregular in shape and superficially 
rough. The sclerotia in group IV are very slow to appear in culture and 
are often massed together. They are milky white when young, black when 
mature, and have a heavy black rind that surrounds a white medullary area 
ill cross-section. They are large and irregular and are often cup-shape on 
one side. 

Very often sclerotia will develop long, slender, thread-like rhizomorphs 
composed of compact strands of hyphae. (Fig. 3.) In cultures belonging 
to group II, these growths resemble brown, horn-like, simple or branched 
projections 5-15 mm. long. In cultures belonging to group III, they resem- 
ble long simple or branched white threads 5-50 mm. long. These same 
rhizomorphs develop in the field during summer and early autumn from 
sclerotia in the soil. 

PHYSIOEOGV 

V arious media have been used in culturing the organisms, but potato- 
dextrose agar has thus far given the best vegetative growth and sclerotial 
development in almost every ease. 

The sugar content of potato dextrose was changed by adding Karo 
syrup in varying amounts. The cultures were grown also on media contain- 
ing synthetic nutrient solutions (9) in an attempt to induce sporulation. 
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Ciilt-uring: on acid media also was tried in an attempt to produce the perf ect 
stage (10). 

The organisms react very definitely to variations in temperature. Those 
in group I attained optimum growth at 10° 0., those in group II at 5° C,, 
those in group III at 0°-5° C., and that in group IV at 5° C. In all instances 
growth was better in the dark than when any light reached the cultures. 
Growth was greatly diminished at temperatures from 10° C. to 20° C., while 
the organisms ceased growing entirely at temperatures higher than 25° C. 
Because of this maximum growth of the fugus at low temperatures in culture 
and the occurrence of the disease associated with snow and cold weather in the 
field, it would appear, then, that the maximum development of the fungus is 
definitely f avored by cold weather.® 

Sunlight, also, seems to have a pronounced influence on the growth of the 
fungus. Mycelial growth is retarded and sclerotia fail to develop in cul- 
tures that have been exposed to direct sunlight. Diffused light retards 
growth but the effect is less pronounced than is that of direct sunlight. 
Tasugi (14), however, who has done extensive work with the organism in 
Japan, has shown that sunshine plays an important role in the production 
of basidiospores. He reports that sclerotia, exposed to sunshine while in the 
soil, will produce hymenophores bearing basidiospores. 

In attempting to obtain the perfect stage of the fungus, cultures were 
exposed to both direct sunlight and to ultra-violet light. Exposures to direct 
sunlight were given between the hours of 11 :00 A. M. and 3 :00 P. M. and 
were of varying duration. However, no tendency toward sporulation was 
observed. 

Stevens (11, 12, 13) and Ramsey (8) have been able to produce the 
perfect stages of various fungi by exposure to ultra-violet light. Cultures 
of sclerotia growing on nutrient media and also soil, containing sclerotia 
from the field, were exposed to ultra-violet light for different lengths of time 
at several distances from the source of light. Exposure both to sunlight and 
ultra-violet light were made through Cellophane, which was sealed over the 
dishes in order to keep the cultures sterile during the time of exposure. 
Cellophane was used because ultra-violet rays will pass through it, while 
they are screened out by ordinary glass. Some of the cultures of Nos. 278 
and 285, when exposed to ultra-violet light, produced a very few growths 
resembling sporophores and originating from the sclerotia. A few tiny 
spore-like bodies were seen associated with these growths. Although the 
experiment has been repeated, no sporophores developed. This is the only 
indication of the perfect stage yet found in any of the cultures. This evi- 

6 Observations indicate that damage is more severe when the ground is unfrozen 
Tinder the snow during the winter months. , Doubtless the fungus is more active under 
those conditions than when the ground is frozen before snow falls. 
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dence, however, was inconelTisive and until more earefnl study can be made 
of these phenomena no definite conclusions can be drawn. 

Because the complete life cycles have not been worked out satisfactorily 
it is impossible to definitely classify the organisms. However, the cultures 
sent from Japan by Tasugi, which he classifies as Typhula graminum Karst., 
appear to be similar to those in group III. 

PATHOGENICITY TESTS 

Pathogenicity tests of the organisms on plants grown in the greenhouse 
were unsuccessful. This probably was due to the fact that the temperatures 
in the greenhouse were toO' high for infection to cause any material injury. 
Wheat was sown in sterilized soil in pots and placed in the ice chest after 
having been surface inoculated with sclerotia produced from culture No. 
226. Browning of the leaves and stems occurred and evidence of hyphae 
among the tissue was present but no sclerotia formed. However, successful 
inoculation was obtained with Nos. 282 and 285. Sterilized kernels of 
Turkey Eed wheat were planted in sterilized Ottawa silica sand, which was 
kept moist with Sach’s nutrient solution throughout the experiment. One 
week later sclerotia from cultures 282 and 285 were placed on the sand. 
Large test-tubes 12 inches long, containing sand and the wheat plants, were 
placed in the dark in refrigerators at temperatures just above 0° C. In one 
location the test tubes were subjected to occasional temperatures below 0° C. 
so that ice formed periodically around the plants. It was in these test-tube 
cultures that the most successful infection was obtained. Mycelial growth 
occurred up the stems of the wheat plants and sclerotia were formed em- 
bedded in the tissues and along the roots. (Pig. 4.) Eeisolations of the two 
organisms were made from both sclerotia and infected tissue. It was possi- 
ble also to inoculate plants with sclerotia produced in the field. Soil con- 
taining sclerotia was obtained from infested plots at Sandpoint and allowed 
to remain under outdoor conditions during the summer. Turkey Eed wheat 
was planted in some of this soil that had been brought to the laboratory in 
the fall. The soil was put in glass tumblers and placed in a refrigerator at 
a temperature of about 0° C. It was kept moist with Sach’s nutrient solu- 
tion. Sixty days later one plant out of three inoculated was killed ; mycelial 
growth was profuse up the stems and over the surface of the soil. (Fig. 4, B. ) 
Sclerotial formation was abundant under the leaf sheaths. The organism 
was reisolated from the sclerotia and diseased tissue. 

Pathogenicity tests have also been successful when performed in the 
field. Sclerotia from several different cultures were placed outdoors in the 
soil early in the summer of 1931. Kharkof and Turkey Eed wheat was 
planted early in the fall where the sclerotia had been all summer. The 
following spring, 1932, from 50 to 100 per cent of the wheat was killed 
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Fig. 4. A. Wheat plant inoculated with culture No. 282 growing in sterilized 
Ottawa silica sand. Note selerotia embedded in the leaf sheath of the plant. B. Three 
wheat plants growing in soil containing selerotia and secured from badly diseased wheat 
plots at Sandpoint, Idaho. Wheat was planted in this soil after it was stored out of 
doors during the summer. Note the mycelia on the roots. B. On the left is wheat plant 
shown in A after removal from the sand. Selerotia are embedded in the leaf sheath and 
attached to the roots. The three seedlings on the right were killed at germination. 
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where planted over some of the cultures. (Dig. 2.) Culture 226 caused 
partial killing of plants, while cultures 277, 278, 279 killed all plants out- 
right. The symptoms produced were identical with those found originally 
in the fields. The other cultures produced no symptoms. 

Superintendent J. H. Christ of the University of Idaho Substation Farm 
at Sandpoint conducted an experiment in 1932 designed to test the suseepth 
bility to the snow-scald fungus of the various winter barleys grown on the 
Substation Farm. After the various barley varieties were planted, soil was 
gathered from areas where the disease had been especially severe the year 
before and was scattered broadcast over the barley plots. A snow fence was 
eonstrueted in order to keep the snow on the inoculated areas. As a result 
of the inoculation, the barley plots where the soil was applied were entirely 
killed, while the noninoculated plots, although very severely damaged, were 
not entirely destroyed. Evidence so far would indicate that there is consid- 
erable difference in susceptibility among the various winter wheats grown 
on the Sandpoint Substation Farm. As indicated above, however, none of 
the barleys grown possessed sufficient resistance to withstand the heavy in- 
oculation given them, although the noninoculated seedlings showed a varietal 
resistance. 

CONTROL 

Wurtenberger (16) found that applying sodium nitrate, leuna saltpetre, 
or sulphate of ammonia to the surface of the soil followed by thorough har- 
rowing would keep the fungus under control. Bokura (1) recommended 
spraying with Bordeaux mixture just before snowfall. He found that other 
fungicides, such as copper-soap solution and lime-sulphur mixture, were also 
effective. He observed that grain sowed either early or late was particu- 
larly badly infected, but that resistant varieties could be safely sown at any 
time. Crop rotation is suggested by Muller (6). 

Experience has shown that in the high-altitude regions of Teton Basin, 
Idaho, early-seeded wheat is more severely injured than that sown later in 
the season. A fair stand may be secured even in epiphytotic years when 
wheat is seeded f airly late. 

SUMMARY 

Diseases of grain and grasses produced by several sclerotial fungi that 
appear in the field after the snow melts have been increasing in occurrence 
and importance in the high-altitude regions in Idaho during the last few 
years. Fourteen cultures have been obtained of these org^anisms whose 
optimum temperatures for growth range from 0° to C. Although at- 
tempts have been made to obtain the perfect stage, these have not been suc- 
cessful. These fourteen fungi have been placed in four groups according 
to their morphological and physiological characteristics. One of these 
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groups corresponds in growth characteristics with a culture of Typhula 
grammrai, supplied by H. Tasugi, of Japan. Pathogenicity of sev- 
eral of these organisms has been established both by laboratory and field 
inoculations. The disease is best controlled by late seeding and also by 
using resistant varieties of cereals. 

Department op Plant Pathology, 

Agricultural Experiment Station, 

University OP Idaho, 

Moscow, Idaho. 
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BLACK ROT OF COFFEE IN MYSORE 
M. J. Narasimhani 
(Accepted for publication January 12, 1933) 



Coffee diseases, similar to tlie ‘‘black rot,^’ or “koleroga’’ as it is called 
in Mysore, have been known to occur in various tropical countries, such 
as Venezuela, Jamaica, New Caledonia, the Belgian Congo, Puerto Rico, and 
Guatemala. The symptoms of the disease occurring An Mysore, the con- 
ditions under which the causal fungus thrives, and a description of the 
fungus have been given by Coleman, Venkata Ran, and Narasimhan (6) 
and by Butler (5). 



The fungus grows on the dorsal surface of the leaves and over the berries 
in the form of a web or pellicle, which is shiny gray when dry and can be 
easily peeled off when wet. On the petioles, and to some extent on the 
twigs, it can be traced, extending as a thin ribbon. The affected leaves and 
berries turn brownish at first and, later, black. The blackened leaves hang 


Fig. 1. Coffee bush attacked by Cortiomm koleroga showing some of the leaves sus- 
pended by mycelial strands at X. 

1 The writer wishes to acknowledge his indebtedness to Dr. Leslie 0. Coleman, Di- 
rector of Agriculture in Mysore, for the helpful suggestions given in the course of the 
investigation, which was carried on at the Coffee Experimental Station, Balehonnur. 
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suspended on the tree hj means of the fungus strands connecting the petiole 
and the stem (Pig. 1). A brownish juice oozes from the leaves after de- 
composition. In attempting to determine the cause of this blackening, 
interesting observations on the life history of this fungus were made and 
are here presented. 

Grenerally considered, it has to be admitted that investigations on this 
type of disease, which has been reported on coffee in various parts of the 
world, have not been complete, wdth the result that varying opinions have 
been expressed by investigators as to the identity of the fungus and the 
course of the disease. 

Cooke (7) first named it PelUcularia holeroga and illustrated a type of 
spore that Fawcett (9) proved to belong to another fungus associated with 
the disease; Ernst (8) examining the Venezuelan specimen, named the 
fungus Erysiplie scmdens, owing to its superficial nature. Von Hohnel 
(11), though he had only herbarium specimens available for examination, 
gave an accurate description of the basidia and basidiospores formed by 
the fungus and named it Corticium holeroga. These basidiospores, which 
are easily dislodged from the sterigmata, were first illustrated by photo- 
micrographs by Coleman et al. (6). 

MATERIAL AND METHODS 

Affected coffee leaves were collected during the heavy monsoon, show- 
ing different stages of the disease, viz., leaves with grayish w^hite film, those 
showing partial browning, and those that have become entirely black. The 
materials were fixed in Bonin’s fixing solution. At first a difficulty was 
encountered, viz., that the fungus film soon separated from the leaf during 
the process of washing. This was obviated by dipping the material in 
melted ^ per cent agar before placing in the fixing fluid. For studying 
the fungus film itself, the following method was adopted: ^ 

A piece of affected coffee leaf was placed in water till the film, aided by 
careful manipulation with a needle, separated from the leaf and floated on 
the surface. It was drawn onto a slide, fixed on the slide itself for 24 hours 
in Bouin’s fixing solution, and care&lly washed in repeated changes of 
water. After the excess water was removed, 0.2 per cent celloidin in equal 
quantities of ether and alcohol was poured over it and allowed to dry. It 
was found that the film could, after this treatment, be safely stained in 
ITeidenhain’s iron-alum haematoxylin, dehydrated, and mounted in balsam. 

MORPHOLOGY OF THE FUNGUS 

The course of the disease can be divided into 2 distinct stages, viz., one 
in which a uniform white film is seen covering the dorsal surface of the 
leaf (Pig. 2, A), the other, in which hyphal clumps are found scattered all 
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Fig. 2. Mycelium of Coriicium Jcoleroga, A and B. On diseased coffee leaves. 
A. Note the uniform whitish film on the dorsal surface, x 4. B. Note the hyphal clumps 
or sclerotia scattered with thin intervening spaces all over the lower surface, x 6. Pho- 
tographed by Dr. Leslie C. Coleman. 0. Anastomosis of hyphae from different spores. 
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oYer the affected leaf, the intervening mycelinm being thin (Pig. 2, B). 
These may be differentiated as the early pellicle stage and the late selerotial 
stage. 

The Pellicle Stage. During the early stages of the disease, the film, 
when wet, can be peeled off the leaf, but it does not come off easily on areas 
where the leaf has already turned brown. It is made up of a mass of inter- 
woven threads, with here and there a primary strand consisting of a 
number of hyphae running parallel to each other’^ (6). The color of the 
mycelium is hyaline. No clamp connections or anchor cells, as in the ease 
of thread blights,’’ have been found. Instead of these, repeated hyphal 
fusions have been found to be formed between the threads. One of 2 hy- 
phae lying close together develops a lateral branch, which fuses with the 
other hypha and establishes a connection between them; or, where 2 hyphae 
cross, fusion by means of a short connecting branch occurs close to the angle 
formed by the 2 hyphae. Such connecting branches of 2 different hyphae 
have been found in Panus stypticus and Goprinus lag opus by Buller (3, 
p. 154) and named by him ^^bridging hyphae,” and in Hypochnus solmii 
by Muller (13). 

The basidia are formed at the ends of lateral branches, being round or 
ovoid and measuring 8.5-12 p in diameter, and are not found in clusters 
of 3 or 4, as Von Hohnel (11) reported. The basidiospores, borne on long 
tapering sterigmata, have been described and photographed by Coleman 
et al. (6). Fully developed spores from fresh material measured 
9.1px3.4p. In no instance were they found to measure 13 p in length, 
as reported by Burt (4) . The length of the sterigmata was reported to be 
2p by Von Hohnel (11) and 9-11 p as measured on fresh material by 
Coleman et al. (6). It was found that the length of the sterigmata was 
inconstant, varying from 5 p to 11.5 p. Figure 3, B, shows short sterigmata 
bearing fully developed spores, while in figure 3, A, it is seen that the 
sterigmata bearing immature spores are long and tapering and of unequal 
lengths. The spores are easily dislodged and lie about in the meshes of the 
film. They are slightly flattened on one side, rounded at one end, and 
somewhat pointed at the other. Abundant spore formation has been noted 
in the estate only at the time when the humidity is high. The best method 
of studying the spores is the one followed by Coleman et al. (6), viz., 
attaching pieces of affected leaves bearing basidia to the inner surface of 
the Petri-dish cover and allowing the spores to drop on agar contained in 
the bottom dish. In heavy monsoon weather, the spores have been found 
to drop in 4 hours’ time and germinate 2 hours later, forming germ tubes 
with swollen ends (Fig. 3, C). 




Narasimhan: Black Kot of Coffee in Mysore 


Fig. 3. A and B. Photomicrographs of basidia of Corticium Icoleroga. x 900. 
Note the immature basidiospores and tapering sterigmata of unequal lengths in A and 
the fully developed basidiospores and short and equal-lengthed sterigmata in B. C. Ger- 
minating basidiospores. x 1,350. D. Section of coffee leaf with fungus film on its lower 
surface, x 900. Note the nuclei in some of the 'basidia. 


"When a large number of spores germinate side by side on agar, anasto- 
mosis has been observed often between the hyphae formed by the germina- 
tion of 2 different spores. Sometimes, adjacent threads developing from 
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2 different spores fuse, at others the threads from 2 spores lying far apart. 
This has not been observed to take place during the early stages of germina- 
tion but only after the germ tubes have grown to some extent. Both 
terminal and lateral fusions have been observed (Fig. 2, C). Muller (13) 
reported similar hyphal fusions of germinating spores in HypocJmus solani 
Buller (3) reported the occurrence of such hyphal fusions of germinating 
spores not only in the Hymenomycetes but in some of the Ascomycetes, 
viz., Trichoderma lignorimif Pleurage anserina, and AscoioUis magnificMSy 
and in one of the Fungi Imperfeeti, viz., Collet otrichum trichellum. The 
significance of these hyphal fusions, as Buller pointed out, lies in the fact 
that the conduction of food materials to the sclerotia and fruit bodies is 
facilitated and that the association of nuclei in conjugate pairs is thus made 
possible. 

The spores as well as the hyphae resulting from germination are uni- 
nucleate. After fusion, the hyphae, which develop further, are always 
binucleate. Similar fusions leading to the binucleate stage have been 
reported by Willy Harnack (10) in the case of Schizophyllum commune Fr. 
and G ollyhia tub erosa Bull. 

Isolation of the Fungus. Spores were made to drop on onion agar, fol- 
lowing the method of Coleman et al. (6). These subsequently developed 
into a hyphal mat on the surface of the agar, which was transferred to tubes 
of various media. On oat agar and onion agar whitish aerial mycelium is 
produced, but on peptone sugar agar and peptone starch agar only a sur- 
face growth develops. A fairly good growth is obtained on bits of filter 
paper moistened with peptone starch solution recommended by Muller 
(13) for JSypochnus solani. The development of basidia has never been 
noted on this medium, as claimed by Muller for H. solani. No fructifica- 
tions have ever been noted to develop on any of the media tried hitherto. 

Following Bavendamm’s (2) cultural experiments on wood-rotting 
fungi, the effect of adding to the media varying quantities of tannic acid, 
gallic acid, pyrogallol, and guajacol, on the growth of Oorticium holer og a 
was noted. It was found that on onion agar containing 0.1 per cent tannic 
acid or gallic acid a brown halo was formed in advance of the growing 
mycelium (Fig. 4, A). On media containing 0.05 per cent guajacol, a dark 
reddish brown halo (Kidgway's Pompeian Red) was formed (Fig. 4, B) . 

The formation of a brown halo on media containing tannic acid was 
found by Bavendamm to be characteristic of lignin-destroying organisms, 
such as Stereum purpureum and Trametes radiciperda. He found that 
those involved in cellulose disintegration, such as Merulius laerymans and 
Coniophora cerebella, did not form sl brown halo. The brown discoloration, 
according to Bavendamm, is caused by the action of the oxidase produced 
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Kig. 4. Pure 6-day-old cultures of Corticium Tcoleroga. A. On onion agar to which 
0.1 per cent tannic acid had been added. Note the dark halo around the colony. B. On 
onion agar to which 0.05 per cent guajaeol had been added. The dark-red halo around 
the colony appears black in the photograph. 


TABLE 1.— 
various chemicals 

■The cultural hehavior of Corticium Icoleroga on onion agar to which 
were added 


Percentage of chemical added to the media 


0.05% 

0.1% 

0.25% 

0.5% 

Tannic acid 

Very good 

Very good 

Pair 

Poor 


growth 

growth 

Brown halo 

Brown halo 


Brown halo 

Brown halo 



Gallic acid 

Good growth 

Poor 

Nil 

Nil 


Brown halo 

Brown halo 



Pyrogallol 

Poorgrowth 

Nil 

(C 

c c 


Brown halo 




Guajaeol 

Pair 





Beddish brown 





halo 

a 

t ( 
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by the fungus on tannin. In cultures of Corticium koleroga there are 
definite indications of the presence of oxidase. 

The Sclerotial Stage. The fluffy, pulverulent appearance of the film in 
course of development changes into one that is dotted with a large number 
of hyphal clumps, the intervening spaces being thin (Fig. 2, B). At this 
stage the mycelium gradually changes from a whitish to fuscous color and 
the affected leaf turns to a rusty brown. These sclerotia are formed by 



Fig. 5. Sections of coffee leaves infected with Corticium Tcoleroga. x 300. In A, 
note the sclerotia and the penetration of fungus through the stomata. In B, note the 
intercellular mycelium. 
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repeated branchings o£ short cells and are ultimately pseudoparenchymatons 
in nature, the component parts consisting of short binucleate cells (Fig. 
5, A). The sclerotia are hyaline during the early stages but change to a 
fuscous brown later. Neither Von Hohnel (11) nor Burt (4) found these 
structures in specimens of Corticium holeroga examined by them. Burt 
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(4), however, noted their presence in (7. Sievensii, parasitic on leaves and 
branches of apple, pear, and quince. "Wolf and Bach (14) found these 
structures sparsely on grapefruits affected by thread blight and in abun- 
dance on affected pears, apples, pecans, and pomegranates. These were 
first reported in (7. koleroga on coffee by Coleman et al. (6). The sclerotia 
carry the fungus through the dry season. 

From descriptions given in literature of similar coffee diseases in the 
tropics, one is tempted to conclude that these structures are characteristic 
of the disease. Kuyper (12), describing the ‘^Zilverdraadziekte^’ of coffee 
in Surinam, reported on the occurrence of ^‘Hyphen Kluwens” peculiar to 
this disease. Bally (1) compares these with the hyphal-clump stage 
C^Kmiheltjesvorm^^) in the disease known as Djamoer Oepas on coffee in 
Java. In his comparative study of the coffee diseases occurring in Mysore, 
Puerto Rico, and Yenezuela, Fawcett (9), who did not recognize the 
basidiomyeetous nature of the fungus, described and illustrated structures 
that he called holdfast cells. Burt (4) gave his opinion that these were 
probably young basidia. The writer is inclined to believe, judging from 
the figures, that they are early stages of sclerotia. The small hold-fast cells, 
which, according to Fawcett, differentiate the candellilo disease of coffee 
in Venezuela from other diseases of similar nature are comparable to the 
tiny clumps of sclerotia found during the early stages in Mysore. 

PENETRATION OF THE FUNGUS INTO THE COFFEE LEAF 

The question whether this type of fungus penetrates the tissues has not 
been satisfactorily investigated. Von Hohnel (11), who examined the 
specimens at Kew, reported that the fungus was entirely superficial. Burt 
(4) who based his comprehensive description of Corticmm koleroga on a 
small portion of the Venezuelan specimen and microscopic preparations of 
the Mysore specimens sent to him from Kew, reported the presence of 
intercellular vegetative mycelium. He could not have examined affected 
tissues, as, from his own words, only preparations of the basidiospores and 
hyphae were sent to him from Kew. Coleman et al. (6) found no evidence 
of penetration. They suggested that the death of the leaves, as evidenced 
by the blackening, might be due partly to reduced respiratory activity 
owing to blocking of the stomata and partly to the secretion of an enzyme 
or toxin. Butler (5) thought it probable that there was a direct absorp- 
tion of nutrition by the parasite by osmosis from the leaf. Thus, it will be 
seen that varying opinions have been held as to whether or not the fungus 
penetrates the tissues. In order to settle this question the writer examined 
a large number of hand and microtome sections of affected leaves in various 
stages of the disease. 
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Leaves coYered on tlie dorsal surface with the uniform whitish film, ie., 
in the early stage when hasidia were formed, have never shown the 
presence of intercellular mycelium in the tissues (Fig. 8). No trace of 
any sort of injury to the epidermis can he noted. Any evidence of pene- 
tration into the tissues can be made out only during the later stage, when 
hyphal clumps are formed. Sections of leaf areas that have turned rusty 
brown, show, attached to the lower epidermis, compact masses of pseudoparen- 
chymatous cells (Pig. 5, A). 

The hyphae emerging from these masses penetrate the tissue through 
the stomata (Fig. 5) and permeate the spongy parenchyma, often reaching 
as far as the palisade cells. In leaf areas that are adjacent to a brown 
patch and still green, the formation of the selerotia is to be seen, with occa- 
sional penetration of the tissues. The brown color appears in the leaf only 
after penetration of the tissues by the hyphae. The secretion of oxidase by 
the fungus that penetrates the tissues of the leaf perhaps causes the black- 
ening of the leaf. During later stages of the disease, the leaves begin to 
decompose because of invasion by bacteria, and a brownish liquid oozes out. 

It is often seen that during very heavy rains some of the leaves turn 
black, though no fungus is noticeable on them. This is due to the fact that 
the leaves get water-soaked and become decomposed by bacteria. 

COMPAEISON WITH SIMILAB DISEASES OCCURRING IN OTHER PARTS OF THE WORLD 

Our imperfect knowledge of the complete life history of this type of 
disease on coffee, occurring in various parts of the tropics, led investigators 
to believe that some of these are different from the type occurring in 
Mysore. Fawcett (9 ) found that the Mysore and Puerto Eican diseases were 
similar but different from the Venezuelan disease. 

Eeviewing our present state of knowledge of these diseases, Bally (1) 
says that the question ''Whether the spinnewebeziekte of Java, the Zilver- 
draadziekte of Surinam, the candellilo of Venezuela, the koleroga of India, 
and perhaps a disease which Bernard in 1907 described on tea, are caused 
by the same fungus, remains to be settled.'’ Of these, the Java disease is 
said to be different, owing to the presence of anchor cells, and is classified 
under the Marasmioideae group ; but, as Bally pointed out, the disease on 
tea described by Bernard and Corticium koleroga on coffee are almost 
identical, except for the light pink color of the former. 

He however expressed the opinion that the zilverdraadziekte of South 
America is not identical with any of the described kinds found in the East, 
as it differs from Corticium koleroga in that its mycelium enters by way of 
the stomata and develops hyphal clumps. 

In view of the writer's finding in the Mysore disease that the sclerotia- 
f orming mycelium penetrates the leaf tissues, there seems to be no ground 
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for considering tlie Sonth. American disease different. Yery little is known 
of the life history of the eandellilo disease of Yeneznela. Fawcett (9) 
considered it to be different from the Mysore and Puerto Eican diseases, 
because of the smaller holdfasts. Prom an examination of the figures given 
by him, it may be concluded that these holdfasts are probably early stages 
of sclerotial formation. When more is known about this disease, it will 
probably be found that it is identical with the Mysore disease. 

The facts presented above are, in some important respects, at Yariance 
with those presented by Burt (4) in his description of Corticium holeroga. 
He pictured the course of the disease as follows : 

^^The parasitic vegetative mycelium forms long slender mycelial strands 
of rather nniform diameter, whitish or pallid at first, finally fuscous, run- 
ning along the branches and midrib and veins of the leaves, infecting the 
leaves, and ramifying between the cells of the leaf -parenchyma, finally^ 
emerging at many points on the under side of the leaf to form minute 
fructifications, soon laterally confluent into a thin arachnoid, perforate 
membrane covering the under surface of the leaf between the midrib and 
the principal veins. ’ ’ 

The above description leads one to believe that the penetration of the 
tissues by the fungus takes place prior to the formation of the basidia and 
the basidiospores. Penetration by the hyphae that bear basidia has never 
been observed by any of the investigators. As seen in figure 3, D, the 
fungus at this stage is entirely superficial. It is only later, when it forms 
the sclerotia, that penetration is in evidence. Basidia have never been 
observed to form after the fungus penetrates the tissues. As to what the 
fungus feeds on during the pellicle stage it is difficult to say unless it is 
assumed that there is absorption of nutrition by osmosis. 

Control Measures, The disease has been satisfactorily controlled by 
spraying with Bordeaux mixture (5:5:50) before the outbreak of the 
monsoon. The use of an adhesive, such as lime caseinate, has been found 
to be essential in order to prevent the mixture from being washed off by 
the heavy rains. An area of 12,000 acres of coffee was sprayed during the 
year in Mysore. 

summary 

Corticium koleroga (Cooke) Yon Hohn. causing black rot of coffee in 
Mysore, has two distinct developmental stages, viz., the early pellicle stage 
in which a white uniform film is seen covering the under side of the leaf 
and the late sclerotial stage in which sclerotia are found scattered all over 
the dorsal surface. 


2 Italicized by the writer. 
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Basidia and basidiospores are to be observed only during the pellicle 
stage of development. The fungus is entirely superficial at this stage. 
Bridging hyphae are commonly seen. 

Anastomoses of the hyphae formed by the germination of the basidio- 
spores have been observed. 

By adopting Bavendamm’s cultural method it has been found that 
0. holeroga produces oxidase during growth. 

Penetration of the leaf through the stomata by the fungus has been 
observed only during the late selerotial stage. The blackening of the leaf 
is considered due to the secretion of oxidase into the tissue by the fungus. 

A comparison between the black rot of coffee in Mysore and similar 
diseases on coffee occurring in other parts of the world shows that there is 
not sufficient ground for considering any of them different except the 
thread blight occurring in J ava. 

Depaetment op Ageichlthre, 

Mysore State, 

India. 
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A MOSAIC OF THE FIG IN CALIFORNIA" 

Ira J. Conbit and W. T. Horne 
(Accepted for publication Dec. 27, 1932) 

The foliage of fig trees in California is, in general, free from serious dis- 
eases such as leaf rust, Kttehmola fid (Arth.) Butler, which is an important 
factor in the commercial production of figs in many other districts. There 
has long been recognized here, however, a mosaic-like trouble of fig leaves, 
which occurs on practically all varieties wherever grown in this State. It 
appears to have been almost totally overlooked in the pathological literature 
of the fig both in this and in foreign countries. This leaf trouble is sufii- 
ciently severe in some cases to cause not only leaf drop but fruit drop, as 
well, and, therefore, warrants consideration from various standpoints such 
as variety resistance or immunity, possible insect vectors, and breeding of 
resistant types. 

Fig diseases have been discussed by various writers ever since the time 
of Theophrastus (7, VoL I, p. 401) third century B. C., who mentions a 
scorching’^ of branches and foliage due to cold winds. Pellicano (3) de- 
scribes a leaf scald of fig trees in Italy in which leaves turn yellow and dry 
up prematurely on account of drought, as well as chlorosis of foliage due to 
obscure causes. Vallese (8) in his book ‘Ml Fico’’ discusses a chlorosis or 
yellowing of fig leaves and suggests that sprinkling with a weak solution 
of iron sulphate may produce beneficial results. 

A leaf scald of Sicilian fig trees is mentioned by Portale (4) as being 
similar to the “squalor malorum’’ of Theophrastus. A light yellowing of 
the leaves is first observed, which is soon intensified even in the fruit, end- 
ing later with the shrivelling and dropping of both leaves and fruit. It ap- 
pears to be due, according to Portale, to prolonged summer heat. L. Sava- 
stano (5) gives a brief account of a chlorosis of fig leaves in August follow- 
ing drought, the chlorosis being diffused over the leaf surface and not local- 
ized in spots. 

None of these references to fig culture in Italy, however, describe any 
leaf troubles that produce mosaic-like spotting of the foliage. 

A single reference to mosaic of fig leaves has been found in American 
literature, that of Swingle (6), who states: 

“Many years ago I secured at Biskra, in the great date oasis of the 
Algerian Sahara, cuttings of a fig which has proven to be very well adapted 
to hot, dry, irrigated valleys in the Southwest. It is, so far as I know, the 

1 Paper No. 291, University of California Graduate Scliool of Tropical Agriculture 
and Citrus Experiment Station, Biverside, California. 
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only tig among twenty-tive or more varieries resteu m me nut irxngaieu val- 
leys where dates can be grown successfully, which does not show more or 
less severe mottling. It seems to be quite unaffected by the intensely hot 
weather in midsummer, the leaves remaining vivid green instead of being 
yellowed by mosaic mottling. ” 
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Hodgson has recently (2) reported that a mosaic of fig leaves is wide- 
spread in Tunisia but is of no economic importance. 

MOSAIC SYMPTOMS 

Fig mosaic manifests itself both on the leaves and on the fruit. On the 
leaves the mosaic spots are sometimes sharply delineated, the light yellow 
color of the affected areas contrasting strongly with the normal green color 
of the foliage (Fig. 1, A). The borders of mosaic spots are, however, 
usually indefinite, their light color blending gradually with the dark green 
of healthy tissue (Fig. 2, A). In some leaves the spots are of more or less 
uniform size, small, and densely scattered over the surface. In other cases 
they are of various sizes, of indefinite outline and appearing as irregular 
patches of light green, diffused widely throughout the blade of the leaf with 
no relation whatever to the position of the leaf veins. Mosaic spots often 
are bordered by a rust-colored band, evidently caused by the death of epi- 
dermal or subepidermal cells. Seldom does the mosaic bring about an 
actual necrosis or dying out of whole areas of leaf tissue. 

One manifestation of fig mosaic, which appears to be systemic, is the 
malformation of leaves. In some cases certain twigs bear none but mal- 
formed leaves. In other cases both malformed and normal leaves are found 
on the same twig. Malformed leaves show an infinite variety of shapes and 
sizes (Fig. 3, B). 

The appearance of mosaic spots on the fruit is very similar to that on 
the leaves (Fig. 2, B). The premature dropping of figs appears at times 
to be due to the presence of these mosaic spots on the surface of the fruit 
and on adjacent leaves. 

VARIETY SUSCEPTIBILITY 

In the commercial fig districts of California mosaic apparently is not suffi- 
ciently serious to alarm the growers. Of the 5 leading commercial varieties 
the Kadota and Calimyrna are least affected by mosaic, the deep green foli- 
age showing little if any mottling. The White Adriatic and the Brown 
Turkey, under good cultural conditions, are apparently little affected, al- 
though the presence of deformed leaves due to mosaic is common on trees 
of the former variety. The foliage of Mission trees is quite commonly 
seriously mottled by mosaic, often sufficiently so to interfere with photo- 
synthesis and later to cause leaf drop ; its presence on the figs may result 
in improper coloring of the fruit in drying. 

Among the hundred or more varieties of figs in a variety planting at the 
University of California Citrus Experiment Station, Riverside, there are 
striking variations in the degree of susceptibility to mosaic. For convenience 
the varieties can be classified into 4 groups, depending upon the susceptibility 
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of leaves and fruit to this trouble ; those immune or essentially so, those very 
slightly affected, those slightly affected, those appreciably affected. 

There is only one variety that can be called almost immune from 
mosaic — an entire-leaf caprifig form of Ficus palmata Forsok. A careful 


Fig. 3. Leaves from same Adriatic tree. A. Normal. B. Malformations due to 


mosaic. 



892 


Phytopathology 


[VoL. 23 


search of 2 vigorous trees failed to show any leaves certainly affected by 
mosaic, although there were indications of its presence on a few leaves. 
Some seedling fig trees having F. palmata as the male parent appear to 
show immunity from mosaic. 

In group 2 there are at least 4 varieties, very slightly affected by mosaic. 
The Biskra is a very vigorous tree, with the largest leaves of any variety 
studied, but occasional leaves show unmistakable mosaic spots. 

The Hamma, which appears to be a form of Ficus palmata bearing edible 
fruit, is very slightly affected, but shows some indistinct mosaic areas in the 
leaves. A lobed-leaf caprifig form of F, palmata is affected about the 
same as the Hamma. Of all the varieties of common figs in the plot the 
Pastiliere is the least affected, only scattered spots appearing on fruit or 
leaves. 

The Calimyrna, Kadota, Kassaba, White San Pedro, and Roeding No. 1 
caprifig are varieties showing very apparent mosaic spots, but the color of 
the foliage is not sufficiently affected to materially reduce photosynthetic 
activity. At least, there is no apparent lack of tree vigor traceable to the 
presence of leaf mosaic. The Brunswick (Magnolia) foliage is slightly 
affected. Some cases are found where the immature Brunswick fruit itself 
is affected sufficiently to account for its premature abscission. In these 
cases the variety would logically fall into the next group. 

The number of varieties very appreciably affected by leaf mosaic is 
large. No attempt is made here to list or describe all those represented in 
the collection but simply to point out some that appear especially suscep- 
tible. Considerable malformation of leaves is present in one caprifig tree 
of Ficus pseudocarica Miq., the malformed leaves, however, being restricted 
to the least vigorous branches. 

Mosaic spots are very prevalent on both leaves and fruit of the White 
Ischia and the Celeste varieties, the latter being sufficiently affected to ac- 
count for the premature shedding of fruit. The Cheker Injir, a Smyrna 
type fig, is very susceptible, the surface of the fruit being spotted with light 
green areoles, which later become rusty. 

Some varieties, such as Baalie and Panache, show numerous leaves mal- 
formed by mosaic, the malformations in some cases dwarfing the entire leaf. 
Malformed leaves are especially common on Roeding No. 3 caprifig. De 
Jerusalem leaves have very pronounced and striking mosaic spots, which 
early develop necrosis; the immature figs are also markedly affected. In 
the White Adriatic the mosaic spots are widely diffused over the leaf sur- 
face and the trouble appears to be sufficiently serious to account for the 
dropping of terminal leaves (Pig. 4, B). Deformation of small green figs 
of certain varieties, such as Sultane, is attributed to the presence of mosaic. 
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Fig. 4. A. Fig mites (Uriophyes fid) often infest bnd scales and young leaves in 
immense numbers, sometimes causing the abscission of leaves and stunting of twigs. 
B. In some varieties, such as the Adriatic, fig mosaic appears to account fojr the early 
defoliation of terminal twigs. 
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POSSIBLE VECTORS 

Insect pests are commonly suspected of causing malformations in leaves 
or of transmitting virus diseases when present. The foliage and branches 
of fig trees in California are not commonly infested with insect or other 
pests. The Mediterranean fig scale {Lepidosaphes fid Sign.) has become 
established in Fresno and Tulare Counties (California) and is rapidly 
spreading through commercial orchards. Certain species of thrips are at 
times found on the tender foliage but apparently do not injure the leaves 
to any appreciable extent. They are, however, often responsible for fungus 
infection of the fruit interior and for its ultimate spoilage (Hansen, 1). 
Aphid infestations of fig foliage are rare and evanescent and are seldom if 
ever injurious. 

In 1920 an Eriophyes fici Ewing, was found to be very preva- 

lent in fruits and on terminal bud scales of figs at Fresno. This mite is now 
known to be present on fig trees in all parts of California and in some locali- 
ties in Oregon. Infestations of terminal buds (Fig. 4, A) are often suffi- 
ciently serious to cause the drying up and dropping of very small immature 
leaves and the stunting of twigs. In a letter dated September 16, 1932, 
J.; R. Watson reports that he has noticed fig mites in Florida and in one 
case the infestation was sufficiently severe to cause all leaves to drop from 
fig trees at Gainesville. In the fig districts of Mississippi, Louisiana, and 
Texas neither fig mites nor mosaic appears to attract attention, possibly be- 
cause of heavy pruning and the resultant vigorous succulent growth. Under 
date of October 27, 1932, Dr. 6. Grandi, Lab. di Entomologia, Bologna, writes 
that neither fig mites nor foliage mosaic of fig trees is mentioned in Italian 
literature. 

Recent conferences with certain specialists fail to show any reference in 
literature to the transmission of a virus disease by mites. In the disease under 
discussion it is possible that the spots on fig leaves may result from the 
localized feeding of mites when the leaves were young and tender. In 
August, 1932, however, 3 fig trees, probably of the Mission variety, were 
seen near Ashland, Oregon, with mites abundant on the bud scales and very 
young leaves but with deep green foliage, apparently entirely free from 
mosaic. We have suspected fig mites of transmitting the virus of leaf 
mosaic, but thus far our suspicions are not confirmed or supported by ex- 
perimental data.' 

FIELD AND LABORATORY STUDIES 

The fig tree is almost universally propagated by means of cuttings from 
mature wood. Such cuttings would naturally reproduce any disease that 
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is systemic in the branches. In order to throw light on the question whether 
the mosaic-like lesions are local disturbances or stigmanoses in the leaves 
and fruit, or the results of some more general disturbance in the plant body, 
the following experiment was carried out : Twenty-five cuttings each were 
taken in March from 4 different varieties of fig trees known to be seriously 
infected with mosaic. These cuttings were rooted in sand in a closed box 
in the greenhouse and by May 5 many had leaves showing mosaic symptoms. 
On June 8 a census was taken of the 100 rooted cuttings with the result 
that 74 showed mosaic certainly present, 16 showed no positive indications 
of mosaic, while 10 had insufficient leaf growth to enable one to draw any 
conclusion. Of the 100 twigs left on the tree from which the cuttings were 
taken, 51 showed intense leaf mosaic on June 8, 30 showed mosaic to be 
certainly present, while 19 could not be located. 

Seedling fig trees secured from seed of mosaic-affected parents have been 
grown in the greenhouse up to 12 inches in height without the appearance 
of any discoloration resembling mosaic on the foliage. 

That mosaic is readily transmissible to healthy seedlings was strikingly 
shown by the following experiment: Two buds from each of 5 apparently 
healthy seedlings were inserted in July into branches of an orchard tree 
showing typical mosaic spots on the foliage. Nine budlings, alive and grow- 
ing late in October, all showed unmistakable symptoms of leaf mosaic, evi- 
dently transmitted from the stock to the scion (Fig. 1, B). The plants 
from which the buds had been taken, kept in the greenhouse and lath- 
house, put out new growth, which showed no symptoms of mosaic. Healthy 
seedlings, on which fresh mite-infested fig leaves were put, have, in 2 cases, at 
least, developed unmistakable mosaic spots. In this case the mosaic may have 
been transferred by contact infection but other attempts to transmit it in 
this way have all failed. 

Studies of fig trees are being continued, but the preliminary results here 
reported are believed to constitute valid items of evidence tending to show 
that we have to do with a true mosaic disease. 

University OF California, 

Citrus Experiment Station, 

Riverside, California. 

LITERATURE CITED 

1. Haxsex, H. N. Thrips as carriers of fig-decaying organisms. Science, n. s. 69: 

356-357. 1929. 

2. Hodgson, R. W. La Culture Eruitiere en Tunisie, Tunis, 1-187. 1931. 

3. Pellicano. A. II fieo nel circondario di Geraee. Bol. Arbor. Ital. 3: 122-150. 1907. 


Phytopathology 


896 


[VoL. 23 


4. PORTALE, P. La coltivazione del fico nel eircondario di Mistretta. Bol. Arbor. Ital. 

6: 49-101. 1910. 

5. Savastano, L. Note di patologia arborea. XLII. II languore nel fico. Ann. R. 

Staz. Sper. Agrnmi. e Prutti., Acireale, 1: 135-136. 1912. 

6. Swingle, W. T. New crops for Arizona and the improvement of old ones. Assoc, 

Arizona Producer 7 (6) : 3, 5, 10-11, 13. 1928. 

7. Theophrastus. Enquiry into plants . . . witb an English translation by Sir Arthur 

Hort. 2 vols. William Heinemann, London; G. P. Putnam’s Sons, New York. 
1916. 

8. Vallese, P. II fico, . . . 381 pp. Libreria editrice Concetto Battiato di Prancesco 

Battiato Catania. 1909. 



BACTERIA!/ SPECK OF TOMATOES 

M ARY K . Be YA N 
(Accepted for publication, Dee. 5, 19S2) 

INTRODUCTION 

In the course of a study of bacterial spot of tomato {BaoUrium vesica- 
torium) for a comparison of early symptoms on fruit with those caused by 
bacterial canker {Aplanohaoter michiganeme) some isolations gave pure 
cultures of a green fluorescent bacterium entirely different from either of 
the two organisms under investigation. Inoculations on young tomato 
fruits, made by swabbing with water suspensions of this third organism 
produced abundant spotting. Reisolations from the resultant infections 
gave the same green fluorescent organism as was used for inoculation, and 
this reisolation, in turn, produced the same small dark spots when swabbed 
on young fruits. It seems definitely established, therefore, that there is a 
third bacterial spot of tomato fruits heretofore confused with some stages 
of bacterial spot {Bad. vesicatorium) . The name bacterial speck is pro- 
posed for this disease and the name Badermm pundulans, n. sp., for the 
causal organism. 

GEOGRAPHICAIi DISTRIBUTION 

Speck was first demonstrated as a new disease, as distinguished from 
bacterial spot, in the spring of 1931 at Bradenton, Florida. In 1930, how- 
ever, the writer was shown a field in the same locality in which the larger 
part of the fruit was peppered with tiny black spots and no large, typical 
lesions due to Bad. vesicatormm were observed. It was supposed, however, 
that this was a phase of that disease, perhaps connected with sand injury. 
Specimens were collected and preserved but no isolations were made. Ex- 
amination of these specimens in the light of present knowledge indicates 
that the disease was probably speck. From S. P. Doolittle it was learned 
that during more than one season this type of spot was more prevalent at 
Bradenton and did more damage than the typical spot caused by Bad. 
vesicatorium. He also observed the disease in considerable abundance in 
tomato plots at Madison, Wisconsin, in 1929. 

Specimens infected with typical speck were also received in the summer 
of 1931 from Maryland. A green fluorescent organism, identical with that 
from Florida speck, was isolated from these and proved pathogenic. 

SYMPTOMATOLOGY 

The name spech was selected because of the minute nature of the lesions 
on the fruit, which seldom attain a diameter of more than 1 mm. (Fig. 1, 
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Pia. 1. Bacterial speck on tomato fruits. A. and B. Early stages. A, 7 days and 
B, 10 days after inoculation. C. Fruits in early stages of ripening showing darker 
green areas around the spots 15 days after inoculation. D and E, 21 days after inocu- 
lation. D. Scattering spots. E. Crowded spots. 
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D and B.) The spots are very slightly raised, flat and dark when flrst ob- 
servable. (Fig. 1, A.) At this early stage, as well as when fully developed, 
they are round and flat with a clear-cut margin. As the fruit whitens be- 
fore the pink stage, the tissue immediately surrounding the spots remains 
green but without clearly defined margins. (Fig. 1, C.) 

The size of the spots depends on the age of the fruit when inoculated, 
those on very young fruit attaining the largest size. The epidermis remains 
unbroken. Lesions are, at first, very superficial. The epidermis is raised 
and separated from the underlying tissues by a dense mass of bacteria. 
Later, there is somewhat deeper penetration, with an attempt to cork off 
the intruder. The spot never penetrates so deeply as either bacterial spot 
or bacterial canker. 





Fio. 2. Spotting on tomato stem and leaves inoculated with JBact, punctulaTis, 
days after inoculation. B. 1 month after inoculation. 



900 


Phytopathology 


[VoL. 23 


Lesions on tlte leaves are round, dark brown or black, witliout balo of 
any sort in early stages, and do not attain any larger size than the fruit 
spots. (Pig. 2, A.) They extend the entire thickness of the leaf, showing 
more conspicuously on the lower, paler surface. When close together spots 
coalesce into large irregular blotches and the surrounding tissues become 
yellow. (Pig. 2, B.) The petiole and petiolules also may be attacked. 

Infections have been produced on stems, petioles, peduncles, pedicels, 
and sepals. In all these positions the spots tend to be oval rather than 
round, elongated with the long axis of the organ concerned. The peduncle 
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seems especially susceptible. Here, lesions often coalesce to form large 
spots. (Pig. 3, A.) 

INOCULATIONS 

Inoculations on the fruit were made in two ways: 1, by swabbing lightly 
with a wad of cotton dipped in a water suspension of the organism; 2, by 
thrashing the fruit lightly with a leaf , simulating storm injury, then spray- 
ing with the water suspension. As with other bacterial spots of the tomato 
fruit, infection takes place through wounded hairs, there being no stomata 
present. Signs of infection are first obseryable after 5 days, as; minute 
light brown points. These enlarge slowly. When very virulent strains 
were used on vigorous, young fruit, the minute infections in early stages 
oozed bacteria in such quantities as to show as white cirri. Only young 
fruits are susceptible. 

Leaves and stems were inoculated by thrashing with a leaf followed by 
spraying with the inoculum, It appears that here, as well as on the fruits, 
the parasite enters through wounded hairs, for many more infections are 
obtained when the hairs are injured by thrashing than when the uninjured 
leaves and stems are sprayed and kept moist in inoculation chambers. In- 
fections on seedlings have been obtained by planting clean seed in inocu- 
lated soil and also by planting inoculated seed in clean soil. Dark lesions 
appear on the cotyledons soon after they emerge, usually on the margins, 
but do not attain more than 1 mm. in diameter. Lesions also occur on the 
young stem and, in such cases, the whole top becomes involved, bends over, 
and blackens. (Pig. 3, B.) 

Attempts were made to infect other cultivated plants. Seedling and 
well-grown eggplants, bell peppers and pimentos were inoculated by spray- 
ing the leaves and by swabbing young fruit, without obtaining any infec- 
tions. Inoculations on bean, cucumber, and squash leaves also failed to pro- 
duce infections. 

THE ORGANISM 

Morphology and Staining Beactions: Bad, punctulans is a rod varying 
from 1.3 to 2.5 |j long by 0.6 q wide, measured on preparations from 24:-hour 
pH 7.0 beef agar slants, occurring mostly as single rods or pairs. Long 
chains and filaments are also formed. The rods are motile by means of a 
tuft of several (as many as 7 were counted), polar flagella. Slender cap- 
sules were demonstrated by Eibbert’s dahlia stain. No spores are formed. 
The organism is Gram-negative, not acid-fast, and stains readily with the 
usual bacterial stains. 

CULTURAL CHARACTERS 

Beef-infusion agar pH. 7.0: Colonies on beef -agar plates are visible within 
24 hours, and by the second day are 2 mm. wide, white, round, translucent, 


902 


Phytopathology 


[VoL. 23 


and finely cross-hatclied by oblique light. Later, they deYelop a more opaque 
white center and may reach a diameter of 9 mm., wdiile the substratum 
becomes more or less green.^ Occasional rough colonies appear on isolation 
plates. These are irregular in outline with a contoured or roughened sur- 
face and coarse cross-hatching. Platings from strains that haYe been on 
culture media for some time sho^w more Yariations in colony type than 
platings direct from the plant. On slants the growth is moderate, spread- 
ing, flat, transparent, glistening, with slightly undulant margin. The 
medium becomes green. 

Thaxier’s potato agar: On this medium growth is abundant but not 
fluid ; smooth, white, and opaque. 

Beef-infusion Iroth pH 7.0: Clouding occurs within 24 hours and be- 
comes heaYy with membranous pellicle. In undisturbed cultures the pel- 
licle is weighed down by a mass of white growth accumulating in the 
center. Grreen fluorescence dcYelops after two or three days. 

Potato cylinders: Growth is very moderate, inconspicuous, and transient. 
The substratum is slightly browned. 

Synthetic media: Usehinsky’s solution becomes heaYily clouded with a 
membranous pellicle like that in beef broth. The medium quickly takes on 
a beautiful blue-green fluorescence. In Fermi’s solution there are less cloud- 
ing, a fluorescence more blue than green, and a heavy pellicle. Extremely 
weak but definite growth occurs in Cohn’s solution. 

PHYSIOLOGY 

Liquefaction of gelatin. Liquefaction of beef gelatin at 18°“22° C. is 
napiform, beginning within 24 hours. Fifteen to 20 days are required for 
complete liquefaction. Abundant flocculent precipitate accumulates in the 
funnel. The medium becomes green. 

Reactions in milk. Litmus milk begins to blue within 24 hours. Separa- 
tion begins at the same time and in 5 days the semisolid curd occupies three- 
fourths to one-half of the culture. There is no banding. Reduction begins 
on the third to the fifth day and complete within 2 weeks. The cream 
rim is reddened. The curd becomes firm in about 2 weeks. No peptoniza- 
tion occurs. 

Hydrolysis of starch. Starch is not digested. Growth on potato cylin- 
ders is restricted and transient. On starch agar plates, flooded with iodine 
solution, after 7 days’ growth, there is a slightly paler area immediately sur- 
rounding the growth bu no clear zone. 

1 Some strains are very strongly green fluorescent, others very weakly so, and some 
show no fluorescence in any medium. The nonfluoreseent strains show also weaker viru- 
lence and are less vigorous in their reactions in culture media, especially litmus milk 
and gelatin. 
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Reduction of nitrates. There is strong nitrate reduction. Tests were 
made with the a-napthyl-amine-sulphanilie acid method, in cultures grown 
10 days in nitrate beef broth. 

Fermentation of sugars. Synthetic agar containing brom-eresol purple 
and 1 per cent of the following carbonhydrates was used: sucrose, dextrose, 
maltose, lactose, glycerine, and mannit. Slants were streaked from young 
broth cultures. No acid was formed from lactose or maltose. Acid reaction 
was evident in 24 hours from sucrose, dextrose, and mannit, and in 4 days 
from glycerine. After 6 days the agar was acid throughout with dextrose 
and in 10 days with sucrose, mannit, and glycerine. The same media, but 
without agar, were used in fermentation tubes. No gas was produced from 
any of the carbohydrates used. There was no growth evident in the closed 
end of any of the tubes, although the medium became acid in dextrose. 

Relation to free oxygen. The organism is aerobic. 

Optimum pH for growth. In a series in beef broth ranging from pH 
5.0 to pH 9.0 clouding appeared within 24 hours in 6.0 to 8.7, best in 6.6 
to 7.4, weak in 6.0 and in 7.6, and very weak in 8.3 and 8.7. After 48 hours 
the 5.4 showed growth. At the end of a week clouding was heavy in all 
from pH 5.4 (pH 7.0 at this date) to 7.6 (pH 8.1 at this date), moderate in 
8.3, and weak in 8.7. All were green fluorescent from pH 7.4 to 8.7, most 
strongly so in 7.4 and 7.6. 

Other physiological reactions. Bacterium punctulans does not form hy- 
drogen sulphide or indol. Ammonia is formed slowly. Strips of filter 
paper dipped in Nessler^s solution and suspended in 10-day-old beef -broth 
cultures did not show the ammonia reaction, while in 20-day cultures the 
reaction was good. 

Temperature relations. The thermal death point is 51° C. The opti- 
mum temperature for growth is 23° to 25°. Growth is weak at 30°. At 
35° and 37° beef -broth cultures not only did not grow but failed to cloud 
the medium when returned to room temperatures after 6 days at these tem- 
peratures. Slow growth with eventually good clouding occurs at 15° C. 
Clouding is visible in beef broth at 3° C. within 6 days. 

Resistance to desiccation. The organism is very sensitive to drying. 
Preparations on cover glasses from 24-hour pH 7.0 beef bouillon, as well 
as from 3-day bouillon cultures, failed to give growth when dropped into 
bouillon after 48 hours’ drying. One strain survived 9 days on three of ten 
eovers placed in bouillon after that period, but required 8 days to show 
clouding. 

BRIEF CHARACTERIZATION 

Bacterium punctulans is a rod-shape bacterium, occurring singly, in 
pairs, and in chains, measuring 1.3-2.5 p x 0.6 p, motile by means of a tuft 
of polar flagella. It is Gram-negative and not acid-fast ; forms thin, white 
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colonies with green fluorescence on beef agar; clouds bouillon heavily with 
a membranous pellicle, heavy in the center; no diastatic action; liquefies 
gelatin rapidly; forms acid without gas from sucrose, dextrose, glycerine, 
and mannit but not from lactose or maltose; reduces nitrates ; blues, coagu- 
lates, and reduces litmus milk ; is aerobic ; produces ammonia but not hydro- 
gen sulphide or indol; grows best in pH 6.6 to 7.4, is very sensitive to dry- 
ing; optimum temperature 23°-25‘^ C. Pathogenic to tomatoes. 

SUMMARY 

A disease of tomatoes designated as speck, heretofore confused with bac- 
terial spot {Baoterkm vesieatorium) ^ is described. Speck has been found 
in Florida and in Maryland. It causes small, round, dark, superficial 
spots on tomato fruits. Stems and leaves also are readily infected. The 
bacteria enter through wounded hairs. The causal bacterium belongs to 
the green fluorescent group and is designated as Bact. punctulans, n. sp. 
Cultural and physiological characters of the organism are given. 

Bureau op Plant Industry, 

U. S. Dept, op Agriculture, 

Washington, D. C. 



REACTION OF MAIZE SEEDLINGS TO GIBBERELLA 
SAUBINETIF 

H. K, Hayes, I. J. Johnson, and E. C. Stakmans 
(Accepted for publication Dec. 1, 1932) 

The use of resistant varieties in controlling plant diseases caused by 
fungi is dependent upon the extent to which it is possible to obtain resistant 
varieties satisfactory also in other characteristics. A number of root-rotting 
organisms attack corn, and among these Giblerella saubinetii (Mont.) Sacc. 
has received considerable attention. Cooperative studies carried on by the 
Divisions of Plant Genetics and Plant Pathology have had as their aim the 
isolation of resistant selfed lines of corn and their recombination in crosses, 
to ascertain whether lines could be isolated that would remain resistant and 
whether such resistance was of practical importance in corn improvement. 

The present report consists, for the most part, of a study of later genera- 
tions from crosses reported previously by Meindoe.® 

PREVIOUS STUDIES 

A review of the previous investigations having a more or less direct 
bearing on the problem was made by Mclndoe in 1931.® In brief, Dickson 
and coworkers^ have shown that the extent of seedling blight caused by 
Gibberella is dependent largely upon soil temperature. After isolating 
resistant and susceptible lines of corn they learned also that susceptible 
strains were severely injured at temperatures below 24° C., while resistant 
strains were attacked below temperatures of 16° G. This led to the method 
of studying resistance and susceptibility of seedlings grown under controlled 
conditions in the greenhouse. 

Dickson thought that the host plant was least susceptible when grown 
at temperatures most favorable to its development, i.e,, under conditions of 
normal metabolism; at temperatures above 24° 0., the host plant would 

1 Cooperative studies between the Division of Agronomy and Plant Genetics and the 
Division of Plant Pathology and Botany. Paper No. 114:8 of the Journal Series of the 
Minnesota Agricultural Experiment Station. 

2 Chief and Assistant Professor, Division of Agronomy and Plant Genetics, respec- 
tively, and Head, Section of Plant Pathology, Division of Plant Pathology and Botany. 

3 Mclndoe, K. G. The inheritance of the reaction of maize to Gihderella saubinetii. 
Phytopath. 21: 615-639. 1931. 

4 Dickson, J. G. Influence of soil temperature and moisture on the development of 

the seedling blight of wheat and corn caused by Gibberella saubinetiL Jour. Agr. Ees. 
23: 837-870. 1923. 

. The relation of plant physiology and chemistry to the study of dis- 
ease resistance in plants. Jour. Amer. Soe. Agron. 17; 676-695. 1925. 
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succeed in throwing off attacks of the pathogen j hiitj if susceptible lines 
were grown at lower temperatures, the abnormal metabolism permitted the 
development of the pathogen. Peterson, however, concluded that the resis- 
tance of corn seedlings to attacks of root-rotting organisms is dependent 
upon the ability of the seedlings to develop a functioning nodal root system 
before the mesocotyl is completely rotted. 

Dickson and Holbert^ concluded that first-generation crosses betw^een 
resistant and susceptible strains of corn were susceptible at all tempera- 
tures, ie., that there is complete dominance of susceptibility. 

Mclndoe used the most resistant and susceptible lines isolated previously 
in the corn-breeding studies carried on at the Minnesota station. He 
studied also the reaction of a large number of Pi crosses in comparison with 
that of the parental lines when grown under comparable controlled tempera- 
ture conditions in the greenhouse. These crosses consisted of the Pi com- 
binations between long-time selfed lines, which were being used in learning 
the more desirable combinations. Conflicting results were obtained in the 
Pi generations. Certain Pi crosses were highly resistant, being more resis- 
tant than either parent ; others were more susceptible than either parent, 
although, in general, there was little or no relationship between the reaction 
of the parents and of the Pi crosses. It would seem from these results that 
the causes of resistance are very complex. Mclndoe studied the reaction 
of Pg lines selected at random and included in the study crosses between 
resistant x susceptible, susceptible x intermediate, and susceptible x suscep- 
tible parents. There appeared to be a somewhat higher degree of resistance 
in the Pg lines from crosses, one of whose parents was classed as resistant, 
than in the Pg lines from crosses between parents both classed as susceptible, 
although the type of segregation appeared relatively complex. 

EXPERIMENTAL MATERIAL AND METHODS 

The same strain of Gibierella sauhinetii studied previously by Mclndoe 
has been used also in these studies. As reported by Mclndoe, the soil tem- 
perature rarely varied more than 2^ C. about a mean temperature of 15 "" G. 

Seed from the cultures to be tested was divided into 2 parts, one of which 
was treated with Semesan solution and planted in the eontrolled-tempera- 
ture greenhouses to determine normal viability of the seed. The other part 
was inoculated with a pure culture of Gihherella saiiiinetii grown previously 
for about 10 days in a moist mixture of wheat and oat grains. The inocu- 
lum was prepared by adding tap water to the mixture, straining through 
cheesecloth, and standardizing by dilution, so that the concentration of 

5 Dickson, J. G., and J. R. Holbert. Tke influence of temperature upon the metabo- 
lism and expression of disease resistance in selfed lines of corn. Jour. Amer. Soc. Agron. 
18 : 314 - 322 . 1926 . 
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spores was relatively uniform, the standard of comparison being 30-50 
spores under the low-power field of the microscope. 

The corn grains were planted in sand at uniform depth and the number 
of healthy plants was used as a criterion of the degree of resistance of the 
row. A correction was made on the basis of the germination obtained from 
the seed treated with Semesan Jr. in order to determine the extent of injury 
caused by the pure culture of Gibberella used in the studies. 

The reliability of the method of study was determined by growing inocu- 
lated seed from each ear in 4 replications in 1930-31 and 3 in 1931-32, each 
test consisting of seeds planted in a single row in the greenhouse bench, the 
rows in each replicate series being randomized. 

The host material consisted chiefly of later generations, and Fg, from 
the crosses reported by Mclndoe. The studies were primarily of two sorts, 
correlation between reaction of rows in the different replications grown from 
seed of the same ears and interannual correlations to learn the extent to 
which manner of reaction was inherited under the conditions of the experi- 
ment. 

The Fg lines used by Mclndoe consisted of Fg progeny of random selec- 
tions of Fg selfed plants of the different crosses. F^ progeny were grown 
and several ears were selfed in each line. The interannual Fg, to Fg corre- 
lation coefficients reported consist of the relation between the seedling 
reaction of the progeny of the parent ear and the seedling reaction of the 
progeny of selfed ears of desirable plants of the following generation. 

experimental results 

Because of the nature of the results it appears unnecessary to present 
them in great detail. The correlations between the reaction of replicates in 
1930-31 are given in table 1. Crosses 43 x 46 and 43 x 47 are between re- 
sistant and susceptible lines, respectively, 49 x 50 between susceptible and in- 
termediate parents, and 64 x 66 is the reciprocal type of cross, while both 
parents in the cross 58 x 60 were classed as susceptible. 

The 5 crosses were studied separately, correlation coefficients being 
computed between the reaction of material grown in different replications. 

All possible relationships were studied, i.e.^ between replications 1 and 
2, 1 and 3, 1 and 4, 2 and 3, 2 and 4, and between 3 and 4. All calculated 
coefficients were more than 3 times their probable errors, 13 of the 30 being 
over .5 and 17 less than .5. Considering the fact that only 10 seedlings 
were grown in each row, the extent of the relationship between different 
replicates seems rather satisfactory. When the average reaction between 
replications 1 and 2 was correlated with the results of the average of 3 
and 4 all correlations were over ,5] thei smallest being .5804 it .0437 and 
the largest .8425 zh .0416. These results appear rather satisfactory and in- 
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TABLE 1 . — Correlations between the reaction of replicates of progeny of crosses 
when inoculated with Gihherella sauMnetii and grown under controlled temperatures. 
19S0-S1 


Cross 


Beplicates 

1 and 2 

Beplicates 

1 and 3 

Beplicates ■ 

1 and 4 

43x46 


,6583 ± .0381 

.5264 ± .0485 

.4272 ± .0549 

43x47 


.2718 ± .0609 

,3268 ± .0588 

.4183 ±.0543 

40x50 


.6475 ± .0661 

.5364 ± .0673 

.6388 ± .0559 

64x66 


.4273 ± .1082 

.3965 ± .1114 

.6762 ± .0718 

58x60 


.8006 ± .0515 

.7753 ± .0574 

.6804 ± .0773 

Cross 

Beplicates 

2 and 3 

Beplicates 

2 and 4 

Beplicates 

3 and 4 

(Av. 1 and 2) 
and 

( Av. 3 and 4) 

43x46 

.. .4424 ±.0540 

.4085 ±.0559 

,4427 ± .0539 

.5812 ±.0445 

43x47 

.3844 ± .0561 

.3567 ± .0574 

.3822 ± .0562 

.5804 ±.0437 

40x50 

.4576 ± .0746 

.4813 ± .0726 

.6841 ± .0503 

.6675 ± .0544 

64x66 

.3444 ± .1166 

.7892 ± .0499 

.8720 ± .0317 

.6641 ± .0740 

58 x60 

.4407 ± ,1158 

.7693 ± .0588 

.3603 ± .1252 

.8425 ± .0416 


dicate that the method of studying a short row grown from seed immersed 
in a water suspension of spores of Gihlerella smtbinetii is a fairly accurate 
means of determining the manner of reaction of seedling progeny of indi- 
vidual selfed ears. 

Similar studies were made in the winter of 1931-32, with Pg seedlings 
of the same crosses. Three replicates were used in this study and levels of 
significance determined by the use of Fisher’s tables. In general, somewhat 
lower correlations were obtained than in 1930-31, although the calculated 
coefficients were for the most part significant. The extent of correlation 
ranged from + .270 to + .803. In the light of previous years’ study it seems 
reasonable to conclude that the average of all three replications would show 
rather satisfactorily which of the Fg lines were resistant and which sus- 
ceptible. 

TABLE 2 . — Correlations hetween the reaction of replicates of F^ progeny of crosses 
when inoculated with GthFerella sauMnetii cmd grown under controlled temperatures 


Crosses 


Beplieates Eeplieates Replicates 
1 and 2 1 and 3 2 and 8 


Approximate 

N level of significance 
P=:.01 P=:.05 


43x46 

.430 

.567 

.397 

83 

.283 

43x47 

.478 

.803 

.516 

30 

.449 

49x50, 58x60, 
and 64 x 66 ... 

.270 

.361 

.393 

41 

.393 


.304 
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To be of value as a means of isolating resistant lines there should be a 
substantial relation between the reaction in different seasons: some lines 
should remain constantly resistant, while others should be consistently sus- 
ceptible. Interannual correlation coefficients for the reaction between Fg 
and F4 as well as F^ and F5 are given in table 3. Studies are given also 
for self ed lines of Crosby and Golden Bantam. 


TABLE 3, — Interannual correlations of reaction of make seedlings to seedling flight 


Nature of correlation 

Years selfed 

N 

r 

Approximate level 
of significance 

P = .01 

43x47 (BxS) 

E3andF4 

121 

.095 

.2540 

43x46 (Ex S) 

Eg and E 4 

111 

.074 

.2540 

49x50 (SxI) 

Eg and E 4 

53 

.092 

.3541 

58x60 (SxS) 

Eg and E 4 

23 

.312 

.5368 

64x66 (IxS) 

Eg and E 4 

29 

.133 

.4487 

43x47 (ExS) 

E 4 and Eg 

42 

.055 

.3932 

43x46 (ExS) 

E 4 and Eg 

85 

.205 

.2830 

(49x50), (58x60), 
and (64x66) 

E 4 and Eg 

43 

.060 

.3932 

Crosby 

3 and 4 yrs. selfed 

40 

.536 

.3932 

Golden Bantam 

3and4yrs. 

60 

.280 

.3248 


In this study the reaction of Fg seedlings of a particular selfed ear was 
correlated with the reaction of F^ seedlings of selfed ears of the same 
progeny line. Similar methods were used to correlate F4 and Fg. In the 
progeny of the various types of crosses none of the correlations are of 
significance. This leads to the conclusion that reaction of seedlings under 
eontrolled temperatures to attacks of Gibherella saubinetii cannot be used 
as a means of isolating resistant lines unless conditions are controlled to a 
greater extent than in the experiments reported here. 

During 1930”-32 a study was made of the interannual correlation between 
the reaction of 3-year selfed lines with that of the 4th-year selfed, using 40 
lines of Crosby and 60 of the Golden Bantam. In this case both correlations 
were positive and that for the 40 Crosby lines was .536, with a level of 
significance for a P value of .01 of .3932. Most of these sweet-corn lines 
appear very uniform under normal field conditions, and the extent of homo- 
zygosis may explain why they gave a sensible relation between the reaction 
of 3rd- and 4th-generation selfed lines. 

In the plant-breeding studies with corn, yielding ability of selfed lines 
is obtained by husking the ears of 10 plants and estimating the yield on a 
scale of 1 to 10. A considerable number of selfed lines of Golden Bantam 
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TABLE 1. — Correlations l)etween the reaction of replicates of progeny of crosses 
when inoculated with Gihlerella sauHnetii and grown under controlled temperatures. 
1930-31 


Replicates 
1 and 2 


Replicates 
1 and 3 


Replicates 
1 and 4 


Replicates 
2 and 4 

.4085 ± .0559 
.3567 ± .0574 
.4813 ± .0726 
.7892 ± .0499 
.7693 ± .0588 


Replicates 
3 and 4 


Replicates 
2 and 3 


.4424 ± .0540 
.3844 ± .0561 
.4576 ± . 0746 
.3444 ± .1166 
.4407 ± .1158 


dicate that the method of studying a short row grown from seed immersed 
in a water suspension of spores of Gilherella sauhinetii is a fairly accurate 
means of determining the manner of reaction of seedling progeny of indi- 
Yidual self ed ears. 

Similar studies were made in the winter of 1931-32, with Pg seedlings 
of the same crosses. Three replicates were used in this study and levels of 
significance determined by the use of Fisher’s tables. In general, somewhat 
lower correlations were obtained than in 1930-31, although the calculated 
coefficients were for the most part significant. The extent of correlation 
ranged from + .270 to + .803. In the light of previous years’ study it seems 
reasonable to conclude that the average of all three replications would show 
rather satisfactorily which of the Pg lines were resistant and which sus- 
ceptible. 

TABLE 2. — Correlations letween the reaction of replicates of Fs progeny of crosses 
when inoculated with Gibherella sauhinetii md grown under controlled temperatures 


Approximate 
level of significance 


Replicates Replicates Replicates 
land 2 land 3 2 and 3 


Crosses 
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To be of value as a means of isolating resistant lines there should be a 
substantial relation between the reaction in different seasons; some lines 
should remain constantly resistant, while others should be consistently sus- 
ceptible. Interannual correlation coefficients for the reaction between Fg 
and F4 as well as F^ and Fg are given in table 3. Studies are given also 
for selfed lines of Crosby and Golden Bantam. 


TABLE 3. — Interannual correlations of reaction of maize seedlings to seedling yiigM 


Nature of correlation 

Years selfed 

N 

r 

Approximate level 
of significance 

P = .01 

43x47 (ExS) 

Eg and F 4 

121 

.095 

.2540 

43x46 (Ex S) 

Eg and E 4 

111 

.074 

.2540 

49x50 (Sxl) 

Eg and E 4 

53 

.092 

.3541 

58x60 (SxS) 

Eg and E 4 

23 

.312 

.5368 

64x66 (1x8) 

Eg and E 4 

29 

.133 

.4487 

43x47 (ExS) 

E 4 and Eg 

42 

.055 

.3932 

43x46 (ExS) 

E 4 and Eg 

85 

.205 

.2830 

(49x50), (58x60), 
and (64 x 66 ) 

E 4 and Eg 

43 

.060 

.3932 

Crosby- 

3 and 4 yrs. selfed 

40 

.536 

.3932 

Golden Bantam 

3 and 4 yrs. ‘ ^ 

60 

.280 

.3248 


In this study the reaction of F3 seedlings of a particular selfed ear was 
correlated with the reaction of seedlings of selfed ears of the same 
progeny line. Similar methods were used to correlate F4 and F^. In the 
progeny of the various types of crosses none of the correlations are of 
significance. This leads to the conclusion that reaction of seedlings under 
controlled temperatures to attacks of Oihherella sauMnetii cannot be used 
as a means of isolating resistant lines unless conditions are controlled to a 
greater extent than in the experiments reported here. 

During 1930-32 a study was made of the interannual correlation between 
the reaction of 3-year selfed lines with that of the 4th-year selfed, using 40 
lines of Crosby and 60 of the Golden Bantam. In this ease both correlations 
were positive and that for the 40 Crosby lines was .536, with a level of 
significance for a P value of .01 of .3932. Most of these sweet-corn lines 
appear very uniform under normal field conditions, and the extent of homo- 
zygosis may explain why they gave a sensible relation between the reaction 
of 3rd- and 4th-generation selfed lines. 

In the plant-breeding studies with corn, yielding ability of selfed lines 
is obtained by husking the ears of 10 plants and estimating the yield on a 
scale of 1 to 10. A considerable number of selfed lines. of Golden Bantam 
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and Crosby sweet corn bave been treated in this manner and tbeir yield 
index correlated with reaction to Gibierella saubineUi, The results of this 
study are given in table 4/ together with correlation between length of 
ear of the selfed plant and its seedling-blight reaction. 

TABLE 4. — Correlations between seedlmg reaction to Gihlerella saubinetu and 
indices of plant vigor 


Characters correlated 

N 

r 

Approximate 
level of significance 
P = .01 

GiblyereTla reaction and ear length : 

Golden Bantam 5 years selfed 

52 

-.149 

.322 

a C( ^ cc ( c 

100 

.084 

.254 

Crosby 4 , 

49 

.113 

.358 

Gibherella reaction and yield index of the parental line: 
Golden Bantam 4 years selfed 60 

.285 

.326 

t( (( 3 (( c c 

205 

.048 

.254 

Crosby 4 

46 

.046 

.372 

(t ^ (( (( 

50 

.061 

.358 

it g f ( ti 

252 

.0001 

.254 

Gihherella reaction and yield index of its progeny : 

Golden Bantam 3 years selfed 

43 

.029 

.393 

Crosby 3 

62 

.048 

.825 


Of the 10 correlations given in table 4 only one between Gibb erella reac- 
tion and yield index in 60 4-year selfed lines of Golden Bantam was of 
possible significance. 

SUMMARY AND CONCLUSIOlSrS 

The manner of reaction of corn seedlings to attacks of Giiherella sau~ 
hinetii was determined by inoculating seed with a pure culture of the organ- 
ism and planting the seed in sand in a greenhouse where the soil tempera- 
tures were controlled within a range of approximately 2° C., an average soil 
temperature of 15° C. being maintained. 

There was a sensible relation between the reaction of replicates when 
seedling progeny from the same ears were studied, indicating that the 
method was sufficiently accurate to be used as a means of isolating lines 
that might be consistently resistant or consistently susceptible. 

Interannual correlations, expressing the extent to which there was an 
inheritance of manner of reaction to Gibberella saubineiii, were for the most 
part so small that it seems safe to conclude that the method is not reliable 
as a means of isolating lines that may be expected to behave in a consistent 
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manner. In other words, the progeny of individual ears were relatively 
constant in the extent of seedling blight, although inheritance was not ap- 
parently the main cause of uniformity of reaction in different replicates. 
It seems safe to conclude, therefore, that the conditions under which an ear 
develops determines in some way the manner of reaction of the progeny. 

The results of these studies have made it apparent that a study of seed- 
ling blight in the manner here outlined is of little or no value in a corn- 
breeding program. This has led to the treatment of a part of the seed of 
each self ed ear with Semesan Jr. and the comparison of viability under field 
conditions with the progeny of nontreated seed. In future studies it is 
planned to inoculate a part of the seed of each selfed ear with Gibberella, 
and another part with Penicillium before planting in the field and compare 
the results with seed treated with Semesan Jr. 

No significant relationship was obtained between reaction to Gibberella 

and indices of plant vigor. 
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INFLUENCE OP SPEAY APPLICATIONS ON AIE TEMPEEA- 
TUEES SUEEOUNDING SPEAYBD POTATO PLANTS 
H . B. Bos EN 

(Accepted for publication, Jan. 9, 1933) 

For a imrnber of years the writer has been attempting to determine the 
influence of such biologic and eeologic factors on the origin of tip and mar- 
gin burn of Irish potato leaves as the relationship of leaf hoppers and flea 
beetles to such injury and the influence of light intensity, wind velocity, 
relative humidity, precipitation, amount of soil moisture, and air and soil 
temperatures. 

Since two different types of etiologic agents have been postulated in the 
literature of potato tip and margin burn, one associated with the leaf hop- 
per, Empoasca fabae, and the other with dry, hot weather, it seemed desir- 
able, in view of the extreme prevalence of such injuries in Arkansas, to 
determine which of these factors was commonly involved in this State and 
to determine the efficacy of various control measures. This paper records 
precipitous drops in air temperature noted in conjunction with these 
studies. 

Numerous investigators have found that Bordeaux mixture applied to 
Irish potatoes acted as a preventive for tip and margin burning, particu- 
larly against the type induced by leaf hoppers. Accordingly, this spray 
material among others has been used by the writer for several years with 
excellent results in controlling tip and margin burning in the northern, 
hilly part of Arkansas, and with little or no result up to the present in the 
southern, coastal plain part of the State.^ 

Indeed, any control of hopper injury obtained at Hope has been more 
than offset by the amount of spray injury encountered there and in marked 
contrast with that at the cooler, northern station at Fayetteville, where no 
such injury with Bordeaux sprays has occurred. In fact, marginal leaf 
burning has been so common at Hope in plots sprayed with Bordeaux mix- 
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answer is not certain, but, in the course of analyzing the thermographic 
records of soil and air temperatures prevalent around sprayed and non- 
sprayed plants, the charts in almost every instance revealed very interest- 
ing drops in air temperatures occurring immediately after the application 
of the sprays, particularly during the latter half of the growing season. 
The thermographic records of nonsprayed plants representing the same in- 
tervals of time as the records of the sprayed ones show no such drops 
(Fig. 1). 

Out of 23 sprayings conducted during a 3-year period, only 2 show no 
positive indications of immediate drops in temperature following the appli- 
cation. Table 1 records the changes that occurred in 2 of these years and 
presents the temperature, wind velocity, precipitation, and relative humid- 
ity prevalent on the respective dates of spray applications. 

It will be observed in table 1 that no reductions in temperature were re- 
corded in 2 instances and that all the other sprayings were accompanied 


TABLE 1 . — Weather conditions at the time of spray applications and the drops m tern-- 
peratures attending the spraying of potato plants 


Date and hour 
sprayed 

Tempera- 
ture at 
time of 
spraying 

Wind 
velocity 
at 6 p. m. 

Precipita- 
tion during 
24 hours 
previous 

Eelative 
humidity 
at 6 p. m. 

Drop in 
tempera- 
ture 

1930 


m, p. hr. 

in. 

per cent 


April 22, 4 p. m 

32.0 

1.6 

0 

76 

5.0 

May 7, 4 p. m 

28.5 

5.4 

0.83 

83 

6.0 

May 14, 8 a. m 

22.0 

2.3 

0 

61 

0 

May 21, 5 p. m 

28.0 

1.2 

0 

76 

4.0 

May 28, 1: 30 p. m. ... 

30.5 

1.2 

0 

83 

2.5 

June 4, 4 p. m 

32.5 

2.3 

0 

63 

4.5 

June 11, 5: 45 p. m. ... 

29.0 

2.4 

0 

53 

3.0 

June 18, 4: 15 p. m. ... 

37.0 

1.5 ■ 

0 

i 60 

7.0 

1931 






April 23, 11 a. m 

20,0 

1.7 

0.45 

77 

drop not 
clear (ink 
spot) 

April 30, 3 p. m 

22.5 

2.6 1 

0 

90 

0 (rain 
immediately 
after) 

May 7, 11 a. m 

21.0 

3.1 

0 

64 

4.0 

May 14, 11 a. m 

27.0 

, 2.2 

0 

50 

5.0 

May 21, 9 : 30 a. m. ... 

22.5 

3.1 

0 

55 

4.0 

May 28, 8 a. m. 

25.0 

2.1 

0 

57 

1.5 

June 4, 2 p. m 

38.0 

2.7 

0 

46 

8.0 

June 11, 8 a. m. 

26.0 

3.4 

0.01 

64 

2.0 

June 20, 10 : 30 a. ni. 

34.0 

2.7 

0 

71 

5.5 

June 25, 4: 30 p. m. ... 

32.5 

2.3 

0 

91 

3.0 
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by a decided drop, varying in amount at different times. Unfortunately, 
the relative tumidity and wind velocity were measured, not at the time of 
spraying but at 6 p. m. of the same day. Since these may be expected to 
vary considerably in any one day, the data on these 2 factors are not so 
satisfactory as they might otherwise be. It is to be noted that on May 14, 
when no drop was recorded, the spraying occurred at 8 a. m., when the air 
temperature (22.0° C.) was relatively low and on the other occasion, April 
30, 1931, when rain fell immediately after the spray was applied. As may 
be expected, the greatest temperature drops occurred when the spraying 
was conducted near midday or in the afternoon, the largest drop being re- 
corded at 2 p. m., June 4, 1931, when the relative humidity was very low 
and the temperature very high. 

A clearer idea of the nature of these temperature drops may be gained 
by observing 2 air-temperature graphs of sprayed and nonsprayed plants 
(Fig.l). 
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Pig. 1. A. Air temperatures existing around sprayed potato plants at Hope, Arkan- 
sas, from midnigkt, May 6, to midday May 8, 1930. Hote sudden and precipitous drop 
in temperature shortly before 4 p. m. on May 7, when Bordeaux spray was applied. B. 
Air temperatures existing around nonsprayed potato plants at the same time and place 
as shown in A. 

The temperature drop shown in figure 1, A, occurred, according to the 
records, shortly before 4 p. m. on May 7, 1930, immediately after the spray 
had been applied. The thermograph record shows a precipitous drop of 
6.0° C. (12.6° P.) immediately followed by a perpendicular upward curve, 
coinciding almost exactly with the downward curve. The control plants 
(Pig. 1, B) showed no such abrupt change in temperature. 
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The thermograpli instruinents enclosed within housings comparable to 
those used by the United States "Weather Bureau were placed at levels rep- 
resenting approximately the medium height of the potato plants, one be- 
tween two sprayed rows and the other between two nonspray ed rows. The 
rows in each instance were 3 feet apart, and the temperature-sensitive por- 
tion of each instrument was, accordingly, about 18 inches from the center 
of each row. With the foliage extending about a foot outward from each 
side of the middles, the instruments were in excellent positions to record 
temperature changes occurring around the plants. However, considering 
the width of the instrument housing and its possible insulating effect, it is 
conceivable that greater temperature changes may have occurred immedi- 
ately around the plants than were shown in the automatically recorded 
charts. This is particularly likely to be the case when the changes are of 
such short duration as shown in figure 1, A. 

For many years it has been known that spraying various kinds of plants 
during the warm hours of the day may be attended by injury to foliage and 
fruit. The factors that are responsible for such injury are, however, ob- 
scure and, in many eases, unknown. Of course, the burning action of a 
drop of liquid, in functioning as a convex lens and centering the beams of 
light, is well known. Likewise, the intolerance of certain plants to some 
spray materials has been noted by numerous observers. It also is known 
that certain spray materials, such as Bordeaux mixture and lime sulphur, 
may cause foliage injury and fruit russeting or burning under some 
weather conditions and not under others. That Bordeaux mixture will 
often cause a russeting of apple fruit when applied in the early part of the 
growing season and produce little or no injury thereafter is well known. 
Why this is so is not clear. 

As far as potato plants are concerned, it has been definitely established 
that a Bordeaux spray increases the rate of transpiration (1, 3, 4, 5, 6, 7, 8) . 
What is responsible for the rapid and precipitous drops in temperature 
when this spray is applied, especially during the warm hours of the day? 
The answer probably is to be found in the evaporating power of the warm, 
dry air. The transformation of energy occasioned by such evaporation evi- 
dently results in a rapid lowering of temperature. 

Thus, two different phenomena may attend the spraying of potato 
plants and probably other plants as well, one, a quick lowering of air tem- 
peratures around the sprayed parts and the other, an increase in the rate of 
transpiration. It has not been shown, however, that the two occur simul- 
taneously. It is conceivable that other liquid sprays may bring forth simi- 
lar responses. Investigators as a whole have not associated any injury with 
increased transpiration. On the contrary, they have found that, despite 
such increases, the potato foliage does not suffer, even during dry seasons, 
and the yield of tubers is often increased, even in years when the control 
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of late blight and other foliar disturbances are not involved (2, 9). What 
influence may sudden changes of air temperature have on potato plants? 
Can changes of such short duration as here shown have anything to do with 
the spray injury that has been noted at Hope, Arkansas, for 4 successive 
years? 

Briefly summarizing, while effective control of tip and margin burning 
of potato leaves has been obtained by the use of Bordeaux sprays in the 
northern part of Arkansas, no satisfactory control with this material has 
been accomplished in the southern part during a 4-year period. In at- 
tempting to determine the cause of this discrepancy and to find an expla- 
nation for the spray injury, which that material has engendered in the 
southern portion of the State, a study has been made of various climatic 
factors existing around sprayed and unsprayed plants. It has been found 
that spraying in most instances is accompanied by sudden and precipitous 
drops in air temperature around sprayed plants, the drops varying from 
1.5° to 8.0° C. (3.1 to 16.8° F.). What influence such abrupt temperature 
changes may exert on the health of the plant remains unknown. It is quite 
obvious, however, that in the warmer sections of the State, with prevail- 
ingly high temperatures during the latter half of the potato-growing season, 
temperature drops attending spraying would be much greater than in the 
cooler sections. Does this suggest that midsummer spraying of various 
kinds of plants in the warmer parts of America is attended by greater risks 
in so-called spray injury than in the cooler parts? 

Agricultural Experiment Station, 

University op Arkansas, 

Fayetteville, Ark. 
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RESISTANCE OP THE CURRENT SEASON’S SHOOTS OP 
PINUS MONTICOLA TO INPECTION BY 
CRONARTIUM RIBICOLA^ 

H . G . L A C H M UND 
(Accepted for publication November 3, 1932) 

In studies of the blister rust {Gronartium rihicola> Fischer) on western 
white pine, Pimis monticola Dough, (3), the writer found that the cankers 
resulting from any year’s sporidial infection were distributed in the follow- 
ing eharaeteristic pattern on the different years’ internodes exposed to the 
infection. 

Growth^ affected Nuniber of cankers 

<a Growth of the season of infection relatively few 

b Growth 1 year older than a 
c Growth 2 years older than a 
d Growth 3 years older than a 
e Growth 4 years older than a 
f Growth 5 years older than a 
g Growth 6 years older than a 
h Growth 7 years older than a 

Tabulation, totalling approximately 6,000 cankers, gave about 10 per 
cent of the cankers on a growth, 53 per cent on b, 31 per cent on c, 5 per 
cent on d, less than 1 per cent on e, a trace on /, and none on older growths. 

Cronartium rihicola infects its aecial hosts through the needles (1) on 
which it enters through the stomata and grows down the vascular bundles 
to the bark. In Pinus monticolu it generally undergoes an incubation 
period of 2 years’ duration before becoming apparent in the bark. Part 
of this period is required for the rust to develop in the needle and grow 
down from the infection point to the bark. The length of time required 
for this in P. monticola is not known. In P. strolus (1, p. 455) it appears 
to range from 2 to as high as 10 or 12 months and, in general, to be a matter 
of over 6 months. 

Obviously, then, other conditions being equal, the number of cankers 
that develop on any year’s growth as the result of infection in a given 

1 The writer was assisted by J. L. Mielke, C. N. Partington, W. Y. Benedict, T. S. 
Buchanan, J. W. Kimmey, A. A. McCready, and W. P. Cummins in the collection of the 
basic data of this paper. 

2 The term growth ’’ is used to designate the internodes of a given year. 
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greatest number 1 

V large majority 
considerable number J 

relatively few 

very few 

exceptional 

none 

none 
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season should depend primarily on the quantity of needles on that growth 
and the length of time they are held following infection. Spanlding (6) 
has used similar premises for a partial explanation of differences in the 
susceptibility to the rust of different species of white pine. 

In all growing trees there is normally a multiplication of twigs and 
branches and a progressive increase in foliage production each year to 
provide for the increased nutrition requirements, of the tree as it increases 
in size. Each succeeding season’s crop of shoots, therefore, has normally 
a greater total length, bark area, and production of foliage than that of the 
preceding season. Thus, from the standpoint of quantity alone, the chances 
of infection should be greatest on a growth and progessively smaller, the 
older the growth. These differences are very greatly and rapidly accentu- 
ated by the dropping of the leaves. 

In the Pacific Northwest^ (3) the needles of any season on Pinus monti- 
cola are regularly held for at least 3 full growing seasons. Part of them 
drop at the end of their third season, and most of the remainder fall at the 
end of the fourth season. The small portion left over are generally cast 
at the end of the fifth season, although, exceptionally, one or two needle 
bundles may persist as much as 8 seasons. 

Infection of the pines in this region as elsewhere usually occurs in late 
summer and early fall. Figure 1 represents diagrammatically the normal 
retention of the needles at this time and the distribution of the resultant 
cankers, as shown by the tabulations already referred to above, in the 
second season following that of infection, when the cankers normally 
appear. 

The reason for the negligible representations of cankers on e and older 
growths is immediately apparent. There are scarcely any needles on such 
growth at the time of infection, and such needles as are present normally 
fall at the end of the season or only shortly following the occurrence of 
infection. The relatively small representation of cankers on d growth is 
explained by the fact that such growth has already lost part of its needles 
and loses most of those remaining upon it at the end of the infection season. 
The smaller representation on c growth than on & growth may be explained 
on a similar basis. G growth loses part of its needles at the end of the 
infection season and most of the remainder one year later, whereas h 
growth holds all of its needles for at least a full year following infection 
and the majority of them for 2 years. Thus part of the individual infec- 
tions on the needles of c growth may be cast with the needles at the end of 
the season before the fungus reaches the bark, while most of the infections 
on the needles of I growth should have ample time to gain entrance. 

3 Paeiiie Northwest as used iu this paper includes southern British Columbia, Wash- 
ington, Oregon, Idaho, and western Montana. 
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greater proportion of the cankers than & growth. Yet the percentage on 
a growth is on the average only a fifth of that on b growth and a third of 
that on c growth. 

There appear to be no differences in the position of the needles on the 
tree, their arrangement on the branches or in the fascicles, their size at the 
time of infection, or in microclimatic conditions surrounding infection that 
could offset the superiority in the number and retention of needles on 
a growth to a degree sufficient to account for the inferiority in the number 
of cankers upon it as compared with h and c growths. Likewise, there is 
no evidence of any physiological barrier in the young bark tissues of 
a growth to the entrance of the mycelium from the needles. Indeed, com- 
paring stems of equal size, the most vigorous canker growth is found on 
the youngest, thriftiest stems. Consequently, since especial vigor encour- 
ages the growth of the mycelium and since vigor is greater, the younger 
the shoot, it would not appear that there should be any physiological bar- 
rier in the bark of a growth that would prevent entrance of the mycelium, 
once the latter had reached the base of the needle. Direct infection of the 
bark may be eliminated as an explanation, for it is already established 
that this is not an important method of infection (1, p. 441; 5, pp. 26, 27), 
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tlie proportion of cankers resulting on a* would be relatively small, and 
wbere the infection occurred late in tbe season the proportion would be 


comparatively large. 

Whether the resistance persists to any degree into the second season or 
later is not known. The solution of this problem will require artificial in- 
fection experiments. 

The resistance in the current shoots of Pinus monticola is in direct con- 
trast to the evidence in this connection for P. strohus L. On this species 
the needles of growth appear to be quite as susceptible as those on 
h growth (9, p. 507) and a growth, as might be expected from its superior- 
ity in number and retention of needles, generally has the majority of the 
cankers (4, p. 479; 7, p. 38). 

SUMMARY 

Of the cankers resulting from any season’s infection of blister rust on 
Finns monticola relatively few are found on growth (internodes) formed 
the season of infection. Yet the needles, through which infection occurs 
on the pines (1), are not only more numerous but are held a year longer on 
this growth than on any older growth and for this reason should provide 
better opportunities for the subsequent entrance of the individual infec- 
tions. Conditions governing the occurrence of infection, such as exposure 
to sporidia, humidity, etc., should be essentially as favorable on the sea- 
son’s needles as on the older needles. Observations indicate that conditions 
for the development of the fungus, once it is established in the bark, should 
be equally, if not more, favorable on the growth formed in the infection sea- 
son than on growth one year older. But the number of the cankers that 
develop on the infection season’s growth averages only a fifth of the num- 
ber that develop on the one-year older growth and a third of the number 
that develop on growth 2 years older. The small proportion of cankers re- 
sulting on the growth of the season of infection is explained on the basis 
that its needles are resistant to infection. The resistance probably declines 
very rapidly during the first growing season and does not extend to any 
degree into the second growing season. 

Division of Forest Pathology, 

Bureau of Plant Industry, 

U. S. Dept. Agr., 

Portland, Oregon. 
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PHYTOPATHOLOGICAL NOTE 




The Spermatia of Corn BustyPiiccinia sorghi} — Since the diseoveiy by 
Craigie in 1927 of heterothallism in rusts and the function of rust spermo- 
gonia (pycnia) it has been known that spermatia (pycniospores) of one 
sex when brought to an infection of opposite sex can initiate there the sporo- 
phyte generation of the rust and lead to the development of fertile aecia. 
Several workers since then have' attempted to learn just how the spermatia 
function, and Craigie has depicted the union of spermatia and haploid hy- 
phae in Puccinia helianthi Schw. Much, however, still remains to be learned. 

Puccinia sorghi Schw. has proved favorable material for such a study. 
It is a heterothallic, long-cycle, heteroecious rust with uredia and telia on 
corn and spermogonia and aecia on species of Oxalis. 

Oxalis plants for this study were grown in 6-inch pots on an outdoor 
balcony and inoculated there with the rust. "When the infections matured, 
the spermogonial exudate was transferred back and forth among the infec- 
tions, the attempt being made to bring exudate to each infection from sev- 
eral others. In order to maintain a saturated atmosphere about the plants, 
a battery jar was lined with wet paper towelling and sprayed full of mist 
with an atomizer; the plants themselves were sprayed lightly; the inverted 
jar was set down over the plants ; more wet towelling was wrapped around 
the joining of battery jar and pot-rim; and the whole was set in a partly 
shaded place. At short intervals infected material was removed from the 
plants; part of it was fixed, and the rest used for making freehand sections 
of the living material. 

Figure 1, A, represents semidiagrammatically a cross section of the in- 
fected Oxalis leaf with intercellular mycelium and open spermogonia at a 
and h. 

In figure 1, B and E, are sketches from the living material showing para- 
physes with spermatia attached. In B is a brush of paraphyses with the 
outer line of the epidermis at c. A paraphysis may carry only 2 or 
3 spermatia (Fig. 1, B, a, 1; 0, c) or may be crowded with them (Fig, 1, 
D, a). The spermatia may be applied closely to the paraphysis (Fig. 1, 
B, 1; E, 1) or may be at some distance and connected by a slender hypha 
(Fig. 1, C, a; E, a). It is not always possible to be sure how many of these 

1 Cooperative investigations between the California Agricultural Experiment Station 
and the Division of Cereal Crops and Diseases, Bureau of Plant Industry, IT. S. Depart- 
ment of Agriculture. 
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sorgU. A, diagram of cross section through, infection, x 116. 
to E, sketches from living material showing paraphyses with attached spermatia. S 
mfication not measured. E to I, stages of fusion of spermatium with paraphysis, x 1 
J to ISr, stages of germination of spermatia, x 1400. 

spermatia are really attached to a paraphysis and how many are loos 
adherent. As a precaution, before making the sketch, the cover glass ’ 
jogged and tapped repeatedly to free any loose spermatia. In some ce 
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the spermatia are certainly attached, for, by watching them under the 
microscope, spermatia like those at C, a, can be seen swinging back and 
forth when the cover glass is tapped. 

In fixed and stained material the ordinary paraphysis is seen as a 
straight, rather stiff-looking cell, tapering at the tip. It contains a single 
nneleus, often somewhat elongated (Fig. 1, F, d) and dense cytoplasm some- 
times bearing one or more dark-staining grannies (Fig. 1, F, h). 

A spermogoninm forms new paraphyses as it grows older. When 
a plant has been in a saturated atmosphere for several hours, a newly 
emerging paraphysis may take on a different character. It grows more like 
an internal hypha in the saturated air of the intercellular spaces of the leaf. 
It is usually slender (Fig. 1, C, b), does not taper at the tip, follows an 
irregular course, and may branch. So' far as noted, it is nonseptate. 

Over 95 per cent of the spermatia attached to paraphyses wash off on 
the way to the completed slide. Enough remain to furnish cytologic de- 
tails. In figure 1, P, 2 spermatia, a and c, have each secreted a small mass 
of dark-staining matter at the point of attachment to the paraphysis but 
have not started to enter. In figure 1, G and H, is an open passageway 
between spermatium and paraphysis. In 6, the nucleus is moving in, and 
in H, a, d, transit is just completed. At h and c in figure 1, H, are what appear 
to be 2 other nuclei, and by focussing above the plane of the drawing, rem- 
nants of spermatia (not drawn) are found. In figure 1, I, is the remnant 
of a spermatium at a; at b is the introduced nucleus, now more expanded. 

The irregular paraphyses formed under humid conditions also serve to 
receive spermatial nuclei (Pig. 1, C, u; D, u). 

Under these excessively humid conditions and in the presence of mixed 
exudate, the spermatia on the leaf surface germinate in great numbers. Fig- 
ure 1, J to N, shows details of germination of spermatia (xldOO). The 
spermatium, at first elliptical, becomes cigar-shape (Pig. 1, J, K, L). On 
further growth, it may become more irregular (Pig. 1, M, N). The germ 
tube wall is very thin, and the contents stain lightly. So far as noted, it 
remains uninucleate and nonseptate. In figure 1, N, the germ tube started 
at c, grew to a, apparently met adverse conditions and the cytoplasm re- 
treated and took a fresh start at b. Ordinarily, the germ tube remains 
unbranched. 

Germinating spermatia are found also in mixed exudate at spermogonia. 
Their study has just been begun, but there are some indications that when 
paraphyses are young and vigorous, the spermatia fuse directly with them 
but when the paraphyses are old and decadent, the spermatia germinate 
and grow down through the ostiole into the spermogoninm. 

A more extended study of corn rust is in progress. — ^R uth P. Allen, 
Univereity of California, Berkeley, California. 
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Les Maladies a TJUravirus des Plantes. By Marie-Antodnette Beauverie. 

175 pp., 8 pi. Eeprinted from Annates du Service Botanique et Agrono- 

mique de Tunisie, Yol. 9, 1932. Desvignes, Lyon. 30 fr. 

In summarizing the literature on the virus diseases of plants the author 
has faced a task of considerable magnitude and also of some difficulty, since 
the past ten years have witnessed an enormous increase both in the literature 
and in the complexity of the problem. Any attempt to condense this material 
into a paper of reasonable length is likely to result in occasional omissions 
and also in certain difficulties in the handling of conflicting evidence. The 
present work is not wholly free from such difficulties, but in view of the 
many discrepancies that appear in the literature itself, such omissions are 
not easily avoided. The very complexity of the problem, however, makes 
a work of this sort the more valuable, since it serves to bring the entire field 
of plant-virus research into at least an approximate focus. Mile. Beauverie 
has accomplished this in very satisfactory fashion. 

In taking up the subject the author has first defined the plant viruses 
on a basis of their characteristics, namely, filterability, ultramicroscopic 
nature of the causal agent, differentiation from filterable bacteria, bio- 
tropism, symptoms, and methods of transmission. Following this is a list 
of host plants based on the literature up to 1931 and a discussion of the 
wide-spread occurrence and the importance of control of these diseases. 
Chapter II deals with the technique of the study of the virus in extracted 
plant juices and furnishes a rather full discussion of methods of filtration 
and ultra-filtration as well as the effect of physical factors on the filtration 
process. It also covers the reactions of the viruses to heat, desiccation, dilu- 
tion, adsorption, and other physical agencies, and the effect of chemi- 
cals and the possibilities of virus attenuation. The material is treated 
concisely and adequately and the discussion will prove of value to those who 
are interested in these phases of the problem. The third chapter presents the 
various theories regarding the nature of the virus and discusses the evidence 
on which these theories are based. Chapter IV gives a brief discussion of the 
distinction between infectious and noninfeetious chloroses, and Chapter V 
deals rather fully with the pathological histology and cytology of plants 
affected by virus diseases. The material in this latter chapter is treated 
very satisfactorily, although it omits the work of Hoggan on the inclusion 
bodies associated with the different viruses affecting solanaceous plants and 
the value of such inclusions in the classification of certain of these viruses. 
Chapter VI takes up the transmission of plant viruses by insects and by 
artificial inoculation and the importance of soil, seed, and wild host plants 
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as sources of infection. This section might well have contained a more com- 
plete list of references on selective transmission by aphids in the case of certain 
combined virus infections, but it furnishes an excellent presentation of our 
knowledge of the transmission of these diseases. The same chapter deals 
with the variations in symptoms produced by a single virus on various hosts 
and the masking and alteration of symptoms that result from changes in 
environment. The methods by which the virus is thought to traverse the 
plant are also discussed. ' 

Chapter VII describes the virus diseases affecting plants of economic 
importance, about one-third of the space being devoted to the virus diseases 
of the potato. This section has suffered somewhat from the condensed 
nature of the descriptions but it is generally adequate in its treatment. 
The discussion of tobacco mosaic, however, omits direct reference to the 
outstanding work of James Johnson on the virus diseases of his host and 
leaves the impression that the tobacco mosaics are due to a single virus. The 
statement that tobacco mosaic is transmitted by various aphids is also sub- 
ject to qualification as a result of the work of Hoggan. Wheat mosaic and 
rosette are treated as distinct diseases, although the work of McKinney ap- 
pears to have established the identity of these diseases. In making the 
above criticisms, however, it should be noted that each chapter is followed 
by a list of papers relating to the subject under discussion and that the 
omissions mentioned are generally included in these citations. Chapter 
VIII discusses the analysis of virus complexes by means of differential 
hosts, filtration, varying incubation periods, and selective transmission by 
aphids, while the concluding chapter outlines the analogies that exist be- 
tween the plant and animal viruses. Following this is a bibliography of 
762 titles, which is conveniently arranged and apparently very free from 
errors. Such a list of literature will prove of great value to all those inter- 
ested in the subject, since there has been no previous compilation on such 
a comprehensive scale. The text also is admirably arranged for reference 
purposes, and any one who has reason to consult Mile. Beauverie’s work 
will agree that she has made a contribution of distinct value. — S. P. 
Doolittle, Bureau of Plant Industry, Washington, D. C. 




REPORT OF THE SEVENTEENTH ANNUAL MEETING- OF 
THE PACIFIC BIVISION OF THE AMERICAN 
PHVTOPATHOLOOICAL SOCIETY 


OFFICERS 

.H. E. Morris, Montana State College, Bozeman, Montana. 

.F. P. McWhorter, Oregon State College, Corvallis, Oregon, 
.B. A. Rudolph, University of California Deciduous Fruit Sta- 
tion, San Jose, California. 

Councilor J. M. Raeder, TJniversity of Idaho, Moscow, Idaho. 

The annual meetings of the Pacific Division of The American Phytopathological 
Society were held jointly with those of the Pacific Division of the Botanical Society of 
America at the University of Utah, in Salt Lake City, June 14-15, 1933. The meetings 
were held in conjunction with those of the Pacific Division of the American Association 
for the Advancement of Science and Afaiiated Societies. 

The effect of the world-wide depression was reflected in the poor attendance at the 
Salt Lake meetings, as a whole, but the meetings of the botanists and the phytopatholo- 
gists weie well attended, all things considered. Three half-day sessions were held, and 
as many as 50 members of the 2 societies were in attendance. The joint meetings in 
themselves proved an interesting variation from the usual routine, and the papers pre- 
sented evoked considerable enthusiastic discussion. Abstracts of the papers concerned 
with plant pathology follow. 

B. A. Rudolph, Secretary -Treasurer 


President 

Vice president 

Seoretary-Tre asurer 


iiie term streak is a group name. Besides the combination streak, other forms 
have been reported. A very destniotive form, locally known as ^'diebaok,” is prevalent 
on the Pacific Coast. The infection in some fields reaches 100 per cent. Affected 
plants, as a rule, become worthless. New shoots die back several inches and mosaic 
symptoms are characteristically absent, which is not the case with the combination 
streak. Bronzing’^ is frequently seen. 

Transmission of diebaek by swabbing infective juices on ] 
ficult, whereas combination streak, under the same conditions, 
fection. As revealed by bh" 
either the green-tobacco or 
talacum plants none 
results, r 

stramonium occasionally developed mosaic without local lesions but with 
leaf puckering,- the inoculation of tomatoes with the 
produce any disease. 

Diebaek symptomatologically is similar to “spotted wilt.” The insect vector of 
diebaek has not yet been discovered. 


healthy leaves is very dif- 
, gave 100 per cent of in- 
ick virus does not contain 
virus. Of the 53 inoculated Nicotiana 
developed symptoms, and retransfers to tomatoes gave negative 
Symptoms typical of the latent virus failed to develop on N. glutinosa. Datura 

a tendency to 

juice from these Daturas failed to 


Some improvements in auto-irrigator apparatus,--L. A. Richards and H. L. Blood. 

To overcome the diificulty of preventing air leaks in prevailing tyiies of two-p 
double-wall irrigator pots a one-piece double-wall pot wms constructed. Pots may be 
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up for operation in groups by connecting them to a |-inch distributing pipe connected 
to an overhead reservoir that draws water from a constant-level supply reservoir through 
a connecting supply line. The air, which might leak into the system, passes to the over- 
head reservoir and may be removed with an aspirator pump. Single pots may be oper- 
ated by equipping them with a supply tube leading into a supply reservoir and a modi- 
fied thistle-tube reservoir on the respective arms of a |-ineh leading to the pot. 

The tension of the water in the pots is controlled by varying the water head or the 
amount of mercury inserted in the supply line. The capillary conductivity of the soil, 
the capillary conductivity of the porous-pot wall, the proportion of the soil to the water- 
supplying surface, and the rates of evaporation and of transpiration influence the pre- 
cision of control obtainable with this system. The double-wall porous pot and modifi- 
cations appear to have wide application in plant-disease investigations. 

Some inoculations with Dothiorella rihis . — C. 0. Smith. 

Inoculations through a wound on woody stems of plants with strains from the wal- 
nut, Juglans regia, and from the avocado, Fersea americana, indicate that 25 species are 
susceptible and have lesions with a radius of 5 to 70 mm. The species successfully in- 
oculated are as follows: Citrus aurantium, C. grandis, C. limonia, C. sinensis (most re- 
sistant) ; Juglans regia, J, calif ornica, J, Eindsii, J, sieliolduma; Cary a pecan. In the 
Eosaceae: Cydonia ohlonga; Briohotrya japonica; Eubus mammoth blackberry; Eosa 
Lady Hillingdon and Maman Coehet; Frunus communis, P. domestica, F. avium; Fyra- 
cantha yunanensis, F. giblosi; Annona cherimola; Carissia grandifiora; Ceratonia siliqua, 
Fiospyros Tcaki, E'licalyptus sp., Feijoa sellowiana, Fraxinus ornus, Fersea americana, 
Olea europaea, Fsidium guajava, Salix sp., Vlmus campestris, Quercus lohata. 

Nine inoculations on Juglans nigra, six on Sapote, and four on Fterocarya fraxinu 
folia were negative. 

Biochemical changes accompanying curly top of tomato.— P. B. Wann and H. L. Blood. 

A comparative study of the biochemical characteristics of healthy and curly-top to- 
mato varieties showed that the diseased plants were considerably higher than the healthy 
in dry matter and dry weight of pulp, sugars, and solids in the juice and in freezing- 
point depression of the juice. The pH of the juice was not changed appreciably by the 
disease, but the titratable acidity of the leaf juice decreased and of the stem juice in- 
creased. Catalase activity was lower in the diseased leaves. Total sugar increased and 
total nitrogen decreased in the diseased leaves, resulting in a higher C/N ratio. In the 
diseased stems the total sugars and starch increased, which the total nitrogen decreased 
in some varieties but increased in others. 

A comparison of the biochemical characteristics of healthy varieties with the degree 
of resistanee to curly top revealed that, in general, those varieties with higher values 
were less resistant than those exhibiting lower values for dry weight, solids, sugars, and 
freezing-point depression. 

The effect of vitamins on the growth of fungi in pure cidture. — W. Q. Solheim, S. S. 
Sears, and E. 0. Eollins. 

Preliminary studies on the eflect of vitamins B and C on the growth of Kelmin- 
thosporium sativum, Aspergillus niger, Fenicillium sp., and Phyllosticta sp, have shown 
that fructification is markedly increased when either vitamin is added to corn-meal agar. 
Similar effects were observed when potato -dextrose agar was used but they were not 
nearly so pronounced. Eelminthospormm sativum grown on corn-meal agar, alone, pro- 
duced a very loose growth, while with the addition of either vitamin a very dense growth 
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was produced. In the potato dextrose the same type of growth obtained throughout 
and was similar to that on the corn-meal agar plus vitamin. In the checks the conidia 
were borne in groups on a conidiophore, while they were borne singly on the agar 4- vita- 
min G. Aspergillus niger and PemcilUum sp. produced a deep orange yellow pigmenta- 
tion with vitamin, No pigmentation was observed in the checks. 

Studies of psylUd yellows of tomato. — H. L. Blood> B. L. Eicharbs, and B. B. Wann. 

Psyllid yellows of tomato is of immediate importance only in so far as it becomes 
a confusing element in curly-top investigations. The symptomatology of the two dis- 
eases is similar, thereby necessitating dilfferentiation. While heavy losses from this dis- 
ease sometimes occur in localized areas, rarely do such losses constitute a problem of 
major importance. The disease produces a puckering of the younger leaves followed by 
a dwarfing, a slight curling upward and purpling of the margins, a thickening and gray- 
ish discoloration of the laminae, and a purpling of the veins. Twisting of the petioles 
and rolling of the older leaves are sometimes pronounced. Curly top induces more in- 
tense yellowing and leaf curling and more rapid death than psyllid yellows. Inocula- 
tions with fewer than 30 insects have consistently failed to induce the disease. As all 
plants that have been fumigated for the removal of the insects following the develop- 
ment of the disease have recovered, it is apparent that continued insect feeding is essen- 
tial to the continued expression of the disease. These results give additional support to 
the insect-toxin theory of the etiology of psyllid yellows. 

New symptoms of psorosis, indicating a virus disease of citrus. — H. S. Fawcett. 

In May, 1933, on citrus trees alKected with psorosis, a clearing of small areas in 
young leaves giving a mosaic-like appearance was noticed for the first time. These clear 
regions seem to disappear as soon as the leaf approaches maturity, but, in some cases, 
rounded, clear spots are formed on some of the older leaves. These spots on older leaves 
vary much in size from mere dots to areas 10 to 15 mm. in diameter and often are ac- 
companied by a slightly raised brown surface, occasionally in the form of rings. The 
spots on older leaves have been observed by the author for a long time. Herbarium 
specimens dotted with small spots were collected November 6, 1923, from young orange 
trees 18 months after they had been budded from older trees showing psorosis. These 
same trees first showed the bark-sealing symptoms 8 years after budding. This condi- 
tion is quite distinct from mottle leaf. The transmission of the disease with its previ- 
ously known scaly symptoms on the bark and these new symptoms on the leaves has been 
demonstrated by budding and by rooted cuttings. It is now believed that the disease 
may occur either as a localized sealy-bark form on the bark, without any leaf symptom, 
or as a systemic form with both bark and leaf symptoms. It is also suggested that two 
other citrus diseases, leprosis and ring blotch, with symptoms on older leaves of the same 
general nature, should be investigated as to the possibility of their virus origin. 
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HORACE MANN WOOLMAN 
1853~’1932 

H A R EY B . H U M P H E E T 

Horace Maim Woolman was bora in Damascus, Ohio, on December 23, 
1853, and quietly passed from this life on December 23, 1932, in Orlando, 
Florida, at the age of 79 years. He had but a little while before gone to 
Orlando to escape the exactions, of a northern Minnesota winter, and, as on 
similar occasions, was enjoying the kindly climate and peaceful atmosphere 
of that far-southern city, when, on the 16th of December, he was stricken 
down by paralysis from which he did not recover, 

Mr. Woolman ’s forbears came to America with William Penn toward 
the close of the 17th century and settled in what was then known as Jersey. 
He was a direct descendant of a brother of John Woolman, the author of 
that early American philosophical classic. The Journal of John Woolman ^ 
and was, himself, a man endowed with the instincts of the student 
and scholar. True to the traditions of his Quaker lineage and background, 
Mr. Woolman was wholly and genuinely devoted to the philosophy of ser- 
vice, not for self but for the advancement and benefit of others. 

Born at a time when, in the Middle West, facilities for acquiring a col- 
lege education were extremely limited, it was not Mr. Woolman ’s privilege 
to enjoy such advantages until fairly late in life. Fired with an ambition 
to partake of the life intellectual, he availed himself of such educational 
facilities as there were in his boyhood environment and mingled with older 
men whose interests took them and their disciple afield into the realm of the 
‘^good life.’’ Natural-born student that he was, he in time acquired a suf- 
ficient knowledge of civil engineering to qualify in that branch of applied 
science and he served in that capacity for several years. He it was who, 
while employed by the Chicago, Milwaukee, and St. Paul Railroad, Com- 
pany in the extension of its overland route through the mountains of North- 
ern Idaho, surveyed one of the most difficult of the Goeur d’Alene sections, 
and his recommendations were adopted. This was an accomplishment very 
much to his credit and one might, quite justifiably, have thought that, hav- 
ing gone thus far in his career in civil engineering, he would continue in 
its pursuit. But, even then, at the age of 56, the lamp of his unquenchable 
desire for the gifts of higher learning, still burning bright with enthusiasm 
and well-directed interest, we find Mr. Woolman registering at the State 
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College of Washington, where he pursued courses in botany, chemistry, 
bacteriology, and related subjects. The thing that through all his maturer 
years had been stuff for dreams and an insatiable longing was at last within 
his grasp, and he made the most of the opportunity. Incidentally, and 
with his eharacteristic, quiet enthusiasm he undertook also the study of the 
French and German languages. The upshot of this effort was that within 
a few years he had acquired a sufficient reading knowledge of both to en- 
able Mm to abstract accurately such contributions to the literature on plant 
pathology as pertained to those research problems that were of peculiar in- 
to him. 

Mr. Woolman, lacking a few credit hours of completing the requirements 
for college graduation, was appointed as field assistant in the Division of 
Cereal Crops and Diseases in 1917, with headquarters at Pullman, Wash- 
ington. In that capacity he served ably until 1924, when, at the age of 70 
years, he retired. So genuine was his interest in his chosen profession that 
for several summers after his retirement he kept himself informed and in 
touch with cereal-smut research, both here and abroad. 

Toward the close of his career as a plant pathologist, at Pullman, and 
later at Corvallis and Moro, Oregon, Mr. Woolman acquired a work- 
ing knowledge of the technique of plant breeding and applied himself effec- 
tively to the problem of the control of bunt through breeding bunt-resistant 
wheats. He produced a number of such varieties while in the service of the 
Department of Agriculture. In cooperation with Mr. David E. Stephens, 
he early investigated the susceptibility to TilUtia tritici of the 455 varie- 
ties included in the Department’s wheat classification nursery at Moro, 
Oregon. Along with the varieties in this nursery, Mr. Woolman had under 
observation for resistance several selections from the Crimean group, a 
number of which were developed and have since shown marked resistance 
to many physiologic forms, of T. tntici. The most outstanding of the sorts 
derived from Mr. Woolman ’s effort in this direction are the varieties Oro 
and Kio. The former is now being grown commercially in Southern Idaho. 
Segregating seed of hybrid strains from the cross Turkey x Florence were 
sent to Mr. Woolman by Dr. E. F. Gaines, of Washington State College. 
From this seed he developed a white-kernel variety, identical with the now 
well-known bunt-resistant Ridit, except for kernel color. This selection has 
since proved valuable as a parent in more recent crosses. 

Later, Mr. Woolman made a number of wheat crosses between the bunt- 
resistant varieties Hussar and Banner Berkeley, Furst Hatzfeld and Martin 
Amber, Hussar and Hohenheim 77, Ridit and Hussar, Martin Amber and 
White Odessa, Turkey and Florence, and a number of others. From these 
several crosses have come a few hybrid selections that have proved excep- 
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Humphrey : Horace Mann Woolman 


tionally resistant to bunt {Tilletm tritioi), selections tliat may be especially 
valuable as parent material in subsequent breeding experiments. 

It would be difficult to determine wherein Mr. Woolman made liis most 
important contribution to our knowledge of bunt and its control. Suffice 
it to say that his excellent work speaks for itself; and those who were most 
intimately in contact with him, those who realized his devotion to research 
and caught his enthusiasm, were conscious of the value of his good work. 
The worth of the man is adequately expressed in these words, excerpted 
from a letter from Mr. David E. Stephens to the writer, written January 
24, 1933 : was distressed to learn of the passing of Mr. Woolman. I 

think few of us realized at the time he was carrying on his bunt investiga- 
tions how much careful work he did and how much of his time and thought 
he devoted to his work. Mr. Woolman, I know, did his work thoroughly 
and carefully, devoting all his energy and capabilities to the problems he 
was investigating. ’ ^ 

Those of us who knew Mr. Woolman best remember him as a man singu- 
larly free from prejudice, endowed with the graces of good-will, kindliness, 
and scrupulous consideration for the rights of others. Wholly free from 
any ostentation, a keen judge of human values, honest and honorable, he 
could not but endear himself to those whose good fortune it was to know 
him. 

Mr. Woolman was, for several years, a member of The American Phyto- 
pathological Society and the American Association for the Advancement of 
Science. During the ten years of his research activity he contributed, in 
part or alone, the following papers: 

Bunt or stinking smut of wheat. Wash. Agr. Expt. Sta. Bui. 126. 1915. 

The prevention of wheat smut. Proc. Ann. Conv. Wash. State Grain Growers, Shippers 
and Millers Assoc. 10: 45-49. 1916. 

The wheat hunt problem in Oregon. Oregon Agr. Expt. Sta. Bui. 188. 1922. (With 

I). E. Stephens). 

Cytological studies on the infection of wheat seedlings by Tilletia tritici (Bjerk.) Wint. 
(Abst.) Phytopath. 13: 36-37. 1923. 

Summary of literature on bunt, or stinking smut, of wheat. U. S. Dept. Agr. Dept. Bui. 
1210. 1924. (With Harry B. Humphrey). 

Studies in the physiology and control of bunt, or stinking smut, of wheat. U. S. Dept. 

Agr. Dept. Bui. 1239. 1924. (With Harry B. Humphrey). 

Relative resistance of w^heat to bunt in the Pacific Coast States, TJ. S. Dept. Agr. Dept. 

Bui. 1299. 1925. (With W. H. Tisdale et uL). 

Infection phenomena and host reactions caused by Tilletm tritici in susceptible and non- 
susceptible varieties of wheat. Phytopath. 20: 637-652. 1930. 

Bureau op Plant Industry, 

United States Department OP Agriculture. 


STOMATAL INFECTION WITH THE VIRUS OP TYPICAL 
TOBACCO MOSAIC 

B . M . D IT G G A E A N D B U R T J 0 H N S 0 N 

(Accepted for publication March 10, 1933) 

Incidental to extended studies of tlie physiological properties of the 
virus of typical tobacco mosaic, which are being carried on in this labora- 
tory, it has seemed important to determine more precisely some of the pos- 
sible avenues by which the virus may enter the plant when no wounds are 
apparent. Entrance of the virus through fresh wounds on leaves and 
stems has long been demonstrated and accepted. Whether these wounds 
are mechanical and artificial, such as mere abrasions, needle pricks, 
scratches, or cuts, or, as in the case of many other virus diseases, are the 
minute injuries made by certain sucking insects while feeding, there is 
direct^’ penetration. Eelatively few experiments seem to have been 
made with the idea of determining other possible means of entrance than 
through wounds. Allard (1) says, ‘'Tests have also shown that simply 
pouring the sap of mosaic plants liberally upon the leaves of healthy plants 
is oftentimes sufficient to communicate the disease.” Holmes (3, 4) has 
conducted extensive studies on types of injury on tobacco plants in rela- 
tion to amounts of infection by the virus of tobacco mosaic. 

In view of the great diversity of opinion regarding the nature of the 
virus agency, it is not indeed inconceivable that evidence for direct dif- 
fusion through uneutinized tissues might be sought by some investigators. 
Some work by one of us on the diffusion relations of this agency, to be 
published elsewhere, would seem to indicate that such efforts could yield 
only fruitless results. It may also be suggested at this time that the pre- 
cipitation of the virus agent by fat solvents argues, on a priori grounds, 
against cuticular penetration, wholly aside from probable size consider- 
ations. 

The possible entrance of the virus through stomata, however, has re- 
ceived far too little attention, and it is the pui’pose of this paper to report 
experiments bearing upon this means of entrance. It is highly important 
to determine to what extent stomatal infection may occur and whether or 
not a possible diurnal movement of the stomata of tobacco may have any 
influence on the entrance of the virus through the stomata, thus resulting 
in a greater percentage of infection in plants sprayed at one time of day 
as contrasted with plants sprayed at another time of day. If the stomata 
of tobacco exhibit marked diurnal movements, then differences in per- 
centages of infection from hour to hour might be traced and correlated 
with differences in the stomatah apertures from hour to hour. 
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As a result of numerous studies on the part of many investigators, it 
is generally understood that stomatal movements of many plants are nor- 
mally though perhaps indirectly controlled to a large extent by environ- 
mental conditions, particularly by light and humidity. The reasons for 
considering these effects “indirect” need not be developed in this paper. 
Temperature also is important, probably as much so because of its rela- 
tion to light and humidity as to any more direct effect upon the plant. In 
general, there is abundant evidence to indicate that, ■while sensitive to light 
and other conditions, all the stomata of all species so far studied do not 
necessarily react exactly alike nor to the same degree to a given set of 
conditions. 

Diurnal movements have, however, been largely correlated with light. 
Loftfield (6), working with a number of economic plants, found that “light 
induces the opening of stomata after daybreak,” but that definite specific 
differences prevail. Humidity and temperature also were noted to have a 
marked effect on stomatal movements. On the other hand, there is evi- 
dence that the actual opening and closing of the stomata are in large part 
dependent on the species of plant studied. Loftfield noted such individual 
differences and Lloyd (5) previously furnished similar evidence on this 
point. Although Gray and Peirce (2) conducted their observations during 
daylight only, they found that the stomata of barley, wheat, oats, and rye 
are very sensitive to light, that the stomata are open widest when the light 
is most intense, and that they close when shaded, but there are some dif- 
ferences between species in this regard. 


METHODS 

The work here reported was done at different seasons. The experiments 
made during the winter were in a greenhouse, free from injurious insects, 
while during the summer an “insect-proof” tent out-of-doors furnished 
satisfactory semicontrolled conditions. Tobacco plants of Wisconsin Ha- 
vana 142, a single selected strain of the Havana Seed type of tobacco, were 
used in all this work. The plants were carefully grown and at the time of 
inoculation (spraying) were in the 5-leaf or 6-leaf stage and were appar- 
ently free of wounds. A mulch of chopped cork was spread over the sur- 
face of the soil around the bases of the plants. The purpose of this i-inch 
layer of cork was to attempt to prevent infection through the roots by any 
of the virus suspension that might drain from the plants. However, very 
little of the sprayed material reached the soil, and if any should reach it 
and cause infections through the roots, such infections should be practi- 
cally a constant factor. In one spraying experiment cork was not placed 
around the bases of the plants. The percentage of infection, however, was 
exactly the same as for those plants the roots of which were protected by 
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a layer of cork, but otherwise treated the same. All spraying experiments 
were so arranged that spraying of the various lots of a series was made 
each hour, or each 2 hours, or each 4 hours, according to the experiment, 
and extended through a continuous 24-hour period. Of course, in all 
operations great care was taken to see that the plants were under normal 
conditions and were not wounded or unduly disturbed at any time. 

The suspensions of virus used for inoculations were prepared, unless 
otherwise noted, according to the standard methods employed in this lab- 
oratory.^ Accordingly, the full strength, natural juice of diseased tobacco 
plants was diluted with distilled water to give 1: 10 (1/10) concentration, 
and at this dilution the virus is freed of coarse impurities by diatomaceous 
earth (Celite). Controls were invariably employed to test the virulence 
of the 1/10, Celite-treated, infectious juice, which was used in spraying the 
plants. Control plants were inoculated by the needle-prick and scratch 
method. One drop of the infectious juice was placed in each of 3 loca- 
tions on the plant; (1) in a leaf axil, (2) on the young stem, and (3) on 
a young leaf, each of these drops being immediately worked or pricked 
into the axil and scratched into stem and leaf blade with a sterile needle. 

The spraying was carried out as follows: A De Vilbiss No. 15 atomizer 
was used to apply the virus to leaf surfaces in the form of a very fine spray. 
Both the upper and lower surfaces of the leaves were sprayed until the 
suspension began to form in drops on the leaves and run down the veins. 
The lower surfaces were sprayed by gently lifting the leaf with the nozzle 
of the atomizer and spraying while the leaf was so held. In this manner 
about 25 cc. of 1: 10 Celite-treated, infectious juice were used on each set 
of 10 plants. A slight modification of this process for some of the experi- 
ments will be noted later. As soon as the spraying was completed, read- 
ings on temperature and humidity were taken, using for the latter a sling 
psychrometer. Also, at the same time, a strip of the upper epidermis from 
a single leaf, one from each of 2 plants (not used for inoculations), was 
removed and both strips were immediately plunged into a vial of absolute 
alcohol, these samples being taken for the purpose of determining the con- 
dition of the stomata in respect to size of stomata! opening. Using the 
same two plants, but different leaves, strips of the lower epidermis were 
removed and placed in a separate vial of absolute alcohol. This whole 
process (spraying, taking data on temperature and humidity, and removing 
strips of epidermis) on the average required 3 to 6 minutes, mostly about 
5 minutes. 

In order to carry out the above-mentioned procedures at night and still 
use as little light as possible, the following methods were used. The psy- 

iDuggar, B. M. Proc. Soc. Exp. Biol. Med. 30: 1104-1109. 1933. 
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cliroBieter readings were started while the lights were still out. Then a 
small frosted bulb at one side of the greenhouse was turned on, and the 
readings on temperature and humidity were taken, and also the spraying 
of the 10 plants for that hour was done by this weak light. The small light 
was then turned out. The samples of epidermis were taken from plants 
distant from the weak source of light, so that even this brief illumination 
would have little effect on the plants from which the epidermis was taken. 
Over these plants was placed a large frosted bulb and the light from this 
bulb w^as used only for 30 to 45 seconds while securing the specimens of 
epidermis. For night work in the insect-proof tent, an ordinary oil lantern 
furnished light for all operations. 

The samples of epidermis were stored in the alcohol until examined, 
when a saturated solution of Congo Red in absolute alcohol was substituted 
for the absolute alcohol used as the killing agent. The stained strips of 
epidermis w^ere, when prepared for final study, mounted in absolute alcohol 
and examined under a microscope provided with an eyepiece micrometer, 
so that measurements of pore widths might be made. Since the idea was 
to get a general picture of the condition of the stomata of the tobacco leaf 
under the conditions of these experiments, each sample was studied care- 
fully under high-dry magnification, observing a large but not fixed number 
of stomata — often as many as several hundred, varying with the size of the 
sample. By careful estimation and by checking measurements from time 
to time, the stomata were divided into 5 groups as follows: (1) pores en- 
tirely closed, (2) pores open to 2.5 p across, (3) pores 2.5-5 p across, (4) 
pores 5-7.5 p across, and (5) pores more than 7.5 p across. 

The procedure of stomatal study used in these experiments follows quite 
closely that of Lloyd (5) and of Loftfield (6) and has been discussed in 
full by them. The method for the determination of stomatal size is open 
to criticism on a strictly quantitative basis. However, the purpose of this 
w^ork w^as not to get absolutely accurate information about the stomata as 
such, but rather to secure information that might disclose any possible cor- 
relation between (a) size and movements of stomatal pores and (b) inci- 
dence of infection resulting from the spraying. For such a determination, 
all that is necessary is to secure a relative, quantitative expression of the 
characteristics of the stomata. By no other method, perhaps, could such 
a large mass of material be examined and such a general quantitative idea 
of the tobacco stomata be obtained. Besides, all conditions of the cultures, 
including environment and variety of host selected, are never exactly re- 
producible, in the hands of different investigators, so that it would be 
rather futile to set down absolute measurements. 

In reference to the spraying technique, it could be objected that the 
mere impact of the spray particles might break the epidermal hairs, per- 
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mitting the entrance of the virus through wounds. However, even a casual 
examination of the resistance of these hairs would be against this interpre- 
tation ; furthermore, we have been unable to find any evidence of injury 
from the use of a De Vilbiss atomizer. It should be noted, too, that no in- 
festation of insects nor occurrence of wounds made by insects was ob- 
servable on the experimental plants. That some slight wounds may occur 
on plants grown with the greatest care is granted, but the role of such 
wounds in infection requires demonstration, and experiments will be de- 
scribed later in this paper bearing upon this point. The possibility of 
root infection is remote and will also be considered in a later paper. 

EXPERIMENTAL WORK 

Preliminary work had indicated that under the conditions prevailing in 
the greenhouse used, infections could be obtained to the extent of 80 per 
cent of the plants sprayed, using the typical tobacco mosaic virus. Duggar 
(unpublished data), while working at the Missouri Botanical Garden, had 
secured a considerably lower percentage of infection by spraying full- 
strength, infectious juice (previously filtered through a porous porcelain 
filter) on healthy plants. He obtained under the conditions of those ex- 
periments 30 to 50 per cent of infections but was not satisfied with the 
technique employed nor with the control of the experiments. 

Experiment I was a series of samplings of epidermis and of inocula- 
tions by spraying under reasonably controlled and recorded greenhouse 
conditions. The technique was essentially as outlined and discussed above. 
The experiment was started on April 2 at 4 p. m. and closed at 4 p. m. on 
April 3. Both days were bright and clear. Ten new plants were sprayed 
each hour throughout the 24-hour period. The control inoculations were 
made as explained above. Control X was inoculated at the beginning of 
the experiment — 4 p. m., April 2. Control Y was made in exactly the same 
way and from the same lot of material, except that the plants were in- 
oculated at the close of the experiment — 4 p. m., April 3. The controls 
here were intended to test the virulence of the suspension of virus used in 
the whole series. In both cases the incidence of disease in the controls was 
100 per cent. 

Considering for the moment only the disease frequencies resulting from 
the 24 lots of sprayings, it will be seen (fig. 1, A) that the infections from 
this method of applying the inoculum are relatively high, averaging approxi- 
mately 70 per cent ; the range is 30 to 90 per cent, and in only 2 periods 
is it less than 50 per cent. It is equally important to note that there seems 
to be no discernible correlation between time of day or environmental con- 
ditions and the percentage of disease. The 2 low points in the infection 
curve, which appear in the daylight intervals, may be regarded for the 
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P'lG. 1. Physical conditions at the time of and results of spraying tobacco plants 
with the virus of typical tobacco mosaic at intervals during 24-hour periods on different 
dates. A. Hourly in a greenhouse on April 2 and 3. B. At each 2-hour interval in an 
^insect-proof tent on August 3 and 4. C. Hourly in a greenhouse on October 4 and 5. 
Apparently plants were not mechanically injured during the spraying. 

moment as accidental. The relation of the various intervals to stomatal 
opening will be considered later. 

Experiment II was carried out in the shade tent^ on August 3 and 4. 

2 The plants were potted in the ordinary manner in the greenhouse and were allowed 
to remain there until well established, then they were transferred to an insect-proof tent 
and were allowed to grow there until they had reached the size generally used in this lab- 
oratory for inoculation, namely, the 5-leaf and 6-leaf stages. 
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This experiment was conducted exactly as w^as the one in the greenhouse, 
with these 2 exceptions : (1) Inoculations were made every 2 hours during 
a 24-hour period instead of every hour. (2) Night work was done by 
lantern instead of by electric light. The weather was partly cloudy. Al- 
though growing conditions in general differed considerably from those in 
the greenhouse, the temperature in the tent at the time of these sprayings 
was much the same as for the previous experiment, and the humidity in 
the tent w^as lower during about half the time. (Pig. 1, B.) Neverthe- 
less, the curve of infection percentage is apparently as unrelated to environ- 
mental conditions as in the preceding experiment. Moreover, in the present 
experiment the 3 low points in the curve fall in the night interval. The 
controls again exhibit an incidence of 100 per cent diseased. 

The data on the sizes of stomatal apertures in the 2 experiments are 
extensive. Since these data are somewhat simplified by the 2-hour intervals 
of experiment II, they will be given in detail for this series (Table 1). It 
will be noticed that there is a surprising variability in the extent of stomatal 
openings, and at no period of either day or night is there complete opening 
or complete closure of the stomata. Certainly, one would be disposed to 
draw the general conclusion that there are no striking correlations between 
width of stomatal openings of the tobacco thus grown and such environ- 
mental factors as temperature, humidity, and light, nor between width of 
stomatal openings and percentage of infection. However, a closer analysis 
of this last relation will be made, although it is fully realized that many 
other factors may affect the percentage of infection. 

Assuming that infection may be related to extent of stomatal openings, 
the only possible method of analysis would seem to be that of summing the 
percentages of stomatal openings at any one time-period in each of the 4 
size-classes separately (omitting, of course, the ‘‘closed’^ size-class), and 
then weighting these classes by multiplying by the proper factor, accord- 
ing to the areas involved in each class. Since the figures given in each 
line of the table represent 4 samples, 2 of the upper surface, and 2 of the 
lower surface, an average of each class may be taken, being less cumber- 
some. Then, a summation of the results thus weighted will give a figure 
that may be called the ‘‘infection probability coefficient.^’ 

The 4 classes referred to are (a) up to 2.5 p, (b) 2.5-5.0H, (c) 5.0-7.5 H, 
and (-d) above 7.5 |j, in width, and for these classes it has been found that 
for all practical purposes it is satisfactory to weight these, respectively, as 
1, 2, 3, and 4. This is based on the consideration that the stomatal pores 
are ellipses, and the area of an ellipse = nab, where a = i the short diameter 
and h = i the long diameter. 

On this basis the coefficients from table 1 are found to range from 271 
to 77.5, the averages being as follows: 100 per cent infection = 258; 90-70 
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per cent, 155.9; 70-60 per cent, 115.3; 60 per cent, 104.2. These figures 
are at least suggestive of a relation between stomatal openings and per- 
centage infection. Unfortunately, the greenhouse series is not so con- 
sistent. Nevertheless, even in that series, it is true that the higher per- 
centages of infection have high coefficients, but not all of the lower per- 
centages of infection exhibit correspondingly low coefficients. 

In order to determine the influence of a more prolonged period of dark- 
ness on stomatal behavior in tobacco and on incidence of infection, 10 plants 
were placed in a dark room for 48 hours and then sprayed with 1/10, Celite- 
treated, infectious juice, and, after spraying, were allowed to remain an 
additional 12 hours in the dark room. While the plants were in the dark 
room they were well watered. Of these plants 60 per cent became diseased. 
At the end of the 48-hour period samples of epidermis were taken and later 
examined as previously described. Examination of the stomata showed per- 
centages falling in the several size groups, as exhibited in table 2. Thus, it 

TABLE 2 . — Percentage of stomatal pores falling into different size classes, in 
todaceo, after the plants were held for 48 hours in a darlc room 


is seen that in even prolonged absence from light, the stomata are at least 
partially open. 

It should be noted that final observations to determine the amount of 
infection were made in all eases 3 weeks after spraying, since, in our experi- 
ence, tobacco plants grown under ordinary conditions will express symp- 
toms of mosaic, if present, well within this period in the usual infection 
experiments. 

Owing to the possibility that the method of inoculation had resulted in 
wounding the plants and that the infections had occurred through such 
possible wounds, other spraying experiments were arranged in the hope of 
evaluating this possibility. It might conceivably be possible that lifting 
the leaves of the plants with the nozzle of the atomizer, in order to spray 
the under surfaces of the leaves, might cause injuries, and, if so, a mechan- 
ical wound inoculation of the plant might be made instead of an intended 
spray inoculation. 

Experiment III, therefore, deviated from the practice for spraying as 
outlined under the heading ‘‘Methods,'' in that only the tops of the leaves 



Leaf No. I 

i . ' . 1 

Leaf 'No. II 

surface 

Open to 
2.5 p, 

2.5 p, 
to 5 p, 

5 p to 

7.5 p 

Open to 

2.5 p 

2.5 n 
to 5 p 

5 p to 

7.5 p 

Upper 

50 

50 

0 

50 

50 

0 

Lower 

40 

40 

20 , 

10 

40 

50 
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were sprayed. At no time were tlie leaves tonched by the operator or by 
the atomizer. No cork was placed arotind the bases of the plants in this 
experiment. Nevertheless, there was no increase in the percentage of in- 
fection. This fact rather definitely indicates that the infections observed 
in these spraying experiments were not the result of virus penetration from 
the soil by means of the roots. Otherwise, essentially the same conditions 
prevailed in this experiment as in experiment I. Figure 1, C, graphically 
indicates that the experiments are definitely of the order of constancy ob- 
served in those already described, although in this latter work even stricter 
precautions were observed in the prevention of injury. 

In still another experiment, using approximately 100 plants (but 
younger) in each series, and spraying each 4 hours during a 24-hour period, 
results comparable to those seen in table 2 were obtained. In this experi- 
ment also, the plants were not touched by the operator nor by his instru- 
ments. It would seem then that when this virus is sprayed on plants, 
entrance through stomata must occur, since there has been a strict control 
of the injury possibility. Nevertheless, it is essential to determine the effect 
of injured epidermal structures on the incidence of infection. 

In order to test the relation of injury and noninjury of the epidermal 
hairs to incidence of infection, experiments were performed under 5 dif- 
ferent environmental conditions. These experiments and the results ob- 
tained are briefly presented in table 3. Further explanations of (a) the 

TABLE 3. — Results showing the percentage of infection caused hy dropping the virus of 
typical tohacco mosaic on injured and uninjured leaf surfaces^ using plants somewhat 
differently treated. Numbers are the percentages of infections based on the use of 10 
plants in each test. signifies ^^1:10 Celite-treated infectious juice^^ 




Treatment of experimental plants 


State of the leaves 
inoculated 



In insect-proof tent cage 


A. Potted 
plants + 
C.T.I.J. 

B. Potted 
plants + 

C.T.I.J. 

C. Wilted 
potted 
plants + 
C.T.I.J. 

U. Potted 
plants + nat- 
ural infec- 
tious juice 

E. Older 
plants in 
natural soil 
-f C.T.I.J. 

(1) Upper surfaces 
intact 

30 

20 

10 

40 

10 

(2) Lower surfaces 
intact 

10 

0 

0 

50 

0 

(3) Upper surfaces 
injured ' 

20 

100 

70 

100 

40 

(4) Lower surfaces 
injured 

60 

70 

60 

90 ' 

40 

(5) Control-needle- 
pricks 

70 

100 

100 

100 

100 
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state of the leaves inoculated (designated by the numerals 1-5 in table 3) 
and of (h) the general environmental conditions, together with sources of 
inocula (designated by the letters A-B in table 3), are necessary and are 
given in the correspondingly numbered and lettered paragraphs below. 

(1) Bach plant inoculated received 3-5 drops of the inoculum dropped 
upon the upper surfaces of each of 2 leaves. The part of the leaf sup- 
porting the virus suspension was apparently intact and uninjured. 

(2) Precisely the same as in (1), except that the lower surfaces of the 
leaves received the drops of inoculum. 

(3) Precisely as in (1), except that before dropping the suspension of 
virus on the leaves the upper surface of each leaf “inoculated” was vigor- 
ously and thoroughly brushed over with a eamel’s-hair brush, this treat- 
ment resulting in apparent injury of epidei'mal hairs. 

(4) The lower surface of each of 2 leaves of each plant in the test 
treated exactly as described in (3). 

(5) The control plants (10 in number, as in each block above) were in- 
oculated by our standard needle-prick method, that is, pricking or scratch- 
ing into the tissues a few (3) drops of the virus suspension indicated. 

The further notes on environmental conditions, not adequately described 
in table 3, are as follows: 

A, greenhouse-grown, early spring. B, tent-grown, midsummer. G, 
tent-grown, midsummer; the plants were deprived of water for 42 hours 
prior to inoculation. After the suspension of virus had dried on the leaves, 
the plants were watered and soon appeared normally turgid. D, tent- 
grown, midsummer. The suspension of virus (1:10 natural infectious 
juice) was not treated with Gelite in this experiment. B, tent-grown, mid- 
summer. The plants were growing in the field soil over which the tent was 
built. As these plants (Group D) were quite old, they were cut back to 
yield new shoots, and they were inoculated one week after topping. 

From the results in table 3, lines (1) and (2), it will be seen that some 
infections may result from dropping the infectious juice on the apparently 
uninjured surfaces of leaves. This method is, however, rather erratic and 
IS doubtless dependent to some degree, possibly to a considerable degree, 
upon the “spread” of the drop on the leaf.* The amount of leaf covered 
is less, of course, than when a spray is employed, and the percentage of 
infection averages considerably less. As would be expected, the freshly 
injured leaf surfaces, table 3, lines (3) and (4), afford a high percentage 

2 In this coimeetion it should be uoted that in some earlier experiments in which 
drops of diluted infectious juice were placed on tobacco leaves the incidence of infec- 
tion amounted only to an occasional diseased plant. One of these experiments was made 
in cloudy weather, the plants were exeeptionaUy turgid, and the immediate spreading of 
the drops was insignideant. 
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of infections, tlie older plants exhibiting, in general, the lowest average. 
Another factor reqniring consideration is that of the ''age” of the wound. 
Our experiments confirm, in general, the findings of Holmes to the effect 
that the higher incidences of disease are obtained when the inoculating 
needle carries the virus with it, or when inoculation consists in pricking 
through a drop of the virus suspension. Commonly, placing drops of the 
virus on old wounds is far less effective than a similar treatment of fresh 
wounds. Returning then to a consideration of our sprayed plants, it may 
be deduced that with the precautions taken to avoid fresh wounds, and, 
wholly aside from the duplication of controlled features already referred 
to, the existence of old wounds would not seem to constitute an important 
factor in disease production. 

Since it is clear that a high incidence of disease results from spraying 
healthy, young tobacco plants with infectious juice and since the probabil- 
ity seems to be established that stomatal penetration of the virus can well 
occux", some explanation of the whole phenomenon of infection should be 
available. There are then 2 aspects of this problem, (1) the entrance of 
the suspension into the substomatal cavities and (2) the mechanism of 
penetration into the cells. The first-mentioned is amenable to experimental 
study and will be considered first, although at this time our observations 
are merely preliminary. If a glass slide or Cellophane sheet is swung 
rapidly through a spray of greatly diluted India ink the spray droplets on 
hitting the target will be found to have taken the form of ellipsoidal films. 
We have measured these films but have not measured the droplets. We 
have estimated these droplets, on the basis of the character and small diam- 
eter of the films, to be approximately one-third the diameter of the latter, 
the smaller droplets probably 10 p in diameter. It is possible that such 
droplets might be shot through the fully open stomata; but there seems to 
be a far greater likelihood that films formed as the smallest droplets strike 
the inner edges of the guard cells would be forced through the opening, 
just as the long-ellipsoidal films are produced on the moving glass or Cello- 
phane. 

In order to make an approximate test of the entrance of suspension 
droplets through the stomata, an alcoholic solution of nigrosin and an 
aqueous suspension of India ink were prepared and each was sprayed on 
a separate series of 10 plants each. After evaporation of the liquids, 
samples of the epidermis were secured and fixed in absolute alcohol. Micro- 
scopic examination of these samples showed, in the ease of the India ink, 
that (a) large blotches of the ink adhered to the surfaces of the leaves 
and that (b) from 3 to 5 per cent of the stomata not covered by the blotches 
w^ere wholly or partially filled by the ink. This observation was confirmed 
by a later test in which the presence of the India ink in some of the sub- 
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stomatal cavities was readily identified but no quantitative relations estab- 
lished. The nigrosin, of course, was dissolved by the fixing alcohol but, 
nevertheless, enough of the particles remained in a few of the stomata to 
suggest at least a considerable penetration of this material, as well. 

In reference to the mechanism of penetration into the living cell, this 
problem is wholly hypothetical and will be considered more at length in a 
later paper. It may be said, however, that the senior writer has long 
assumed a dominant role of protoplasmic bridges, or plasmodesma, in the 
transfer of the virus from cell to cell. For the moment, then, the question 
may merely be raised as to whether or not interfacial tension may be 
adequate to insure the "'creeping’^ of the virus particles between the walls 
of cells of the mesophyll to points where adsorption or picking up of the 
particles by the protoplasmic fibrils might take place. 

It seems rather remarkable that up to the present we have found the 
incidence of infection very low when leaves are partially immersed in a 
suspension of virus. In one of the early experiments in which this was 
true the suspension was confined by a ring of white vaseline, the leaves 
treated being supported horizontally. It was determined to elaborate 
somewhat this type of experiment, and the series outlined below was 
arranged, yielding infection results as indicated in each case. Ten plants 
were used in each of the 7 experiments referred to, a vigorous, attached 
leaf in each case (except in the control) being immersed, by tilting, in the 
suspension described. (1) One leaf of each plant was largely immersed in 
a vessel of 1/100 C.T., infectious juice, remaining 3 weeks. Result : 1 plant 
diseased. (2) Same as in (1), except the tip of the leaf was excised with 
sterile scissors before immersion. Result : 1 plant diseased. (3) A healthy 
leaf of each plant was immersed, as in the preceding, and then the entire 
set-up placed in a partial vacuum, amounting to 11 cm. of mercury, for 10 
minutes; then, after removal from the partial vacuum, the plant was 
returned to growing conditions, the leaf remaining partially immersed for 
3 weeks. No water-soaked areas developed. Result : 1 plant diseased. 
(4) Same treatment as in (3), except that the leaf was removed from the 
virus suspension after the partial-vacuum treatment. Result: 2 plants dis- 
eased. (5) Same treatment as (3), except that prior to treatment in the 
partial vacuum the leaf tip was excised with sterile scissors. Result : 1 
plant disease. (6) Treated as in (4), except that the tip of the leaf was 
excised before the partial- vacuum treatment. Result: 3 plants diseased. 
(7) Control, needle-prick inoculation, with the same 1/100 C.T.I.J. Re- 
sult: 8 plants diseased. 

Prom these results two suggestions may be made : First, dipping a leaf 
into a requisite volume of water is not comparable with spraying or other 
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similar procedure, and it seems necessary to infer that surface-tension rela- 
tions are not the same. 

On the other hand, the presence of any important ‘‘natural’’ wounds 
or of those induced in the plants of experiments (2), (5), and (6), de- 
scribed above, would seem to offer avenues of entrance, if such wounds 
were highly effective for virus penetration. The second suggestion is that 
the plants of these experiments required more “manipulation ’’ than those 
sprayed with the virus suspension, and, since no significant percentage of 
disease results in these immersed plants, we may feel relatively certain that 
manipulation and corresponding injury did not constitute a significant 
factor in the incidence of disease obtained by spraying. 

It should be pointed out that as a result of spraying the suspension on 
leaf surfaces there are formed relatively vast spreading films, as well as 
droplets. We do not yet know what the condition of the surface is when 
immersion occurs ; possibly the stomata are blocked by air bubbles. 

The various experiments and observations reported in this paper seem 
to establish with reasonable probability the view that stomatal infection 
may occur when a suspension of the virus of typical tobacco mosaic is 
atomized or sprayed upon the young leaves and shoots of the tobacco plant. 

SUMMARY 

In this paper there is presented a discussion of the technique of spraying 
tobacco leaves with a virus suspension in the effort to determine whether or 
not stomatal infection may occur. In respect to this infection problem a 
study has been made of stomatal behavior in the tobacco plant during 
24-hour periods in 1-hour and 2-hour intervals in relation to such factors 
as light, temperature, and humidity. No significant correlation has been 
detected between the number of stomata open nor the extent of opening 
and these environmental factors. At no observation-time were all the 
stomata on a leaf closed. 

The average incidence of infection from spraying is significantly higher 
than previous experiments had indicated. Cognizance has been taken of 
the possibilities of entrance of the virus by means other than through the 
stomata, but the evidence deduced is opposed to such possibilities. Some 
degree of correlation may be found between percentage of infection and 
the extent of stomatal opening, but no correlation is found between per- 
centage infection and environmental factors within the range of the experi- 
mental conditions. 

Dropping a virus suspension on regions of the leaf where epidermal 
hairs had been extensively injured by rubbing did not increase the amount 
of infection over that induced by spraying with the suspension. On the 
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other hand, placing large drops of virus suspension on uninjured leaves 
induced a lower percentage of infection. 

A very low incidence of infection occurred when individual, vigorous, 
leaves attached to the plants were submerged for varying lengths of time 
in suspensions of the virus, and attention is directed to surface-tension 
effects. 

It is suggested that the atomized particles of virus suspension may be 
directly shot’’ into fully open stomata, but the probability is greater 
that the spreading of those films formed as the spray particles impinge 
on the walls of the open stomata is a chief means of entrance. A problem 
of much significance is the mechanism of penetration of the virus particle 
into the living cell from the substomatal cavity, since this may be related 
to the problem of virus movement from cell to cell. 

University op Wisconsin, 

Madison, Wis. 
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SEEDLING STEM BLIGHT OF FIELD BEANS CAUSED BY 
RHIZOCTONIA BATATICOLA AT HIGH 
TEMPERATURES" 

James B. Kendbigk2 
(Accepted for publication February 13, 1933) 

Following periods of unusually high temperatures, a destructive seed- 
ling disease of Red Mexican, Red Kidney, and Pink heans, Phaseahts mil- 
garis L., caused by Bhkoctonm bataticola (Taub.) Butler, was observed in 
1929, 1931, and 1932 in the Sacramento and San Joaquin valleys of Califor- 
nia, where beans for dry-bean production are grown during the dry hot 
summer months. Infection occurs near the cotyledonary node and usually 
kills the seedlings. The fungus was consistently isolated from the lesions 
and its pathogenicity to seedlings at high temperatures proved in inocula- 
tion tests. 

The rather wide-spread occurrence of this, fungus in California on maize, 
beans, and cowpeas in the mature stages of these crops has recently been 
reported by Mackie (6). The disease of beans caused by this fungus, or 
closely related forms, has been found in many parts, of the world, particu- 
larly in tropical regions. Stem infection of jute and cotton seedlings by this 
fungus, then designated as Rhizoctonia solanij was found by Shaw (7) in 
India and in inoculation tests he obtained infection of jute, cotton, ground- 
nut, and cowpea seedlings. He later (9) reported the fungus on Phaseolus 
lunatus. Briton-Jones (2) found the fungus causing a root rot of beans 
and cowpeas in Egypt and obtained infection of seedlings of both host spe- 
cies. Small (10) found the fungus on beans in Uganda, obtained infection 
of bean seedlings, and later (12) observed the organism on beans, in Ceylon. 

In the United States, the ashy stem blight of beans reported from South 
Carolina by Ludwig in 1923 and 1925,^ from Georgia by Boyd^ in 1927, and 
from Mississippi in 1926 by Wedgworth (17) is caused by Macrophomina 
phaseoU {MaxiloL) Ashby, which the work of Shaw (8), Ashby (1), and 
Haigh (4) has shown to be a pycnidium-producing strain of Bhizootoma 
hataUcola. J. T. Barrett observed this disease of beans at Riverside, Cali- 
fornia, in 1919. This fungus has also been found on beans in Palestine by 

1 Contribution from the Division of Plant Pathology, Branch of the College of Agri- 
culture, University of California, Davis, California, 

2 The writer wishes to acknowledge the helpful advice of Professor Ealph E. Smith 
and the assistance of Dr. Max W. Gardner in the preparation of the manuscript. 

3 A new stemrot of bean in South Carolma. U. S, Dept. Agr. Bur. PI. Industry 
PI. Dis. Rptr. 9: 60. 1925. (Mimeographed.) 

4U. S. Dept. Agr. Bur. PI. Industry PI. Dis. Eptr. 10: 18. 1926. (Mimeo- 
graphed.) 



949 



950 Phytopathology [Vol. 23 

Reichert and Hellinger (6), who obtained infection of bean seedlings in in- 
oculation tests. 

SBEDLIjSTGS killed and stand keduged 

The damage caused by the disease is primarily due to irregularity of 
stand and subsequent reduction in yield. If environmental conditions 
favor its development, many young plants are killed as they emerge, 
or shortly after they emerge, from the soil. Diseased plants quickly dry up 
and are hidden by adjacent healthy plants or are covered wdth soil during 
cultivation. The grower in many cases does not recognize the trouble as a 
disease and attributes the poor stand to poor germination or to hot-weather 
injury. It is only in extreme cases, i.e., where a high percentage of the 
plants are killed, that alarm is caused. There is sufficient evidence to indi- 
cate that in certain seasons, notably those in which high temperature pre- 
vails when the plants are in the seedling stage, serious damage to the bean 
crop in interior California has been caused by the disease. 

Seedling stem blight was first observed by the writer on July 25, 1929, 
in a 40-acre field of young Red Mexican beans near Lodi, in the San Joa- 
quin valley. The many irregularities in stand and presence of dead plants 
indicated that the disease had been present in the field for at least 2 weeks. 
Approximately 50 per cent of the plants were dead or dying and diseased 
plants occurred more or less uniformly throughout the field. An intensive 
survey of the bean plantings in the surrounding area revealed the presence 
of a similar disease in many fields where the plants were approximately of 
the same age as those in the field noted above. The severity of the disease 
varied from a trace to more than 10 per cent. Scattering cases of the blight 
were observed and many short skips or irregularities in stand indicated that 
the disease had been more severe earlier in the season. One could find the 
small, dried-up, diseased plants when the soil that had been piled up around 
the plants by the cultivator was removed. Careful inspections of the fields 
in which the blight occurred in July were made during the remainder of 
the season and the disease was not observed on plants that had escaped in- 
fection in the seedling stage. A survey of the large bean-producing area 
in the upper delta region immediately west of the Sacramento River failed 
to show the presence of the blight. No cases of the disease were found in 
the extensive Blackeye cowpea plantings of the San Joaquin Valley. 

The blight appeared again in 1931 on seedling beans throughout the 
Sacramento Valley. In some fields, the stand was reduced from 10 to 20 
per cent and certain areas in these fields showed a 50 per cent mortality of 
seedlings. In some plantings many of the young seedlings were killed be- 
fore reaching the surface of the soil. It was again observed that the plants 
that had escaped the disease in the seedling stage did not become infected. 
It was not found in plantings- of Henderson’s Bush Lima beans. 
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On July 13, 1932, an examination of 600 acres of Eed Kidney beans was 
made near Orland, in the upper Sacramento Valley, where blight was found 
to be severe over the entire planting; approximately 60 per cent of the 
young plants were dead or dying. The following day the disease was found 
to have reduced the stand from 30 to 40 per cent in a field of young beans 
near Lodi, in the upper San Joaquin Valley. 

FIELD OUTBREAKS FOLLOW PERIODS OF HOT WEATHER 

The sudden appearance of seedling bean blight in 1929 followed an ex- 
tended period of high temperature. Practically every field where the dis- 
ease occurred had been planted immediately before or during a period of 
high temperature extending from June 21 to July 5. The daily mean tem- 
perature recorded by the U. S. Weather Bureau at Stockton, not far from 
Lodi, was near or above 80° P. during the above named period (Pig. 1). 



/s £0 25 ja S W /5 20 25 

sjune \Juty 

Fig. 1. Graph showing mean temperature records from June 15 to July 25 for 
Stockton, 1929 to 1932; Colusa, 1930 and 1931; and Orland, 1932. During this period 
most of the beans are planted in the valleys of central California where epiphytotics of 
seedling stem blight have been observed following prolonged periods of a mean tempera- 
ture of around 80° F. or above. Outbreaks of the disease occurred from July 5 to July 
15 near Stockton, 1929, 1931, and 1932; near Colusa, 1931; and near Orland, 1932. Only 
a few cases of the disease were found near Stockton and Colusa in 1930 when the mean 
temperature was below 80° F. for most of the period shown on the graph. 
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In fact, maximum temperatures of 95 to 106° F. were recorded for every 
day of this period. 

During the summer of 1930, repeated observations in the region where 
the blight had occurred in 1929, as well as in other regions of the interior 
valleys, were made and only a very few" cases of the disease w^ere found. 
Reference to figure 1 will show that no prolonged period of high tempera- 
ture prevailed at Stockton nor at Colusa, in the Sacramento Valley, and 
that mean temperatures as high as 80° F. or above were rarely attained. 

In 1931, when the blight was prevalent near Lodi, again, and also near 
Colusa in the Sacramento Valley, it occurred almost entirely in fields that 
had been planted just prior to or during the early days of an extended 
period of high mean temperature from June 30 to July 13. (Fig. 1.) The 
mean temperature was 80° F. or above during most of this time, and the 
maximum temperature at Colusa ranged from 96° to 108° F., and at Stock- 
ton was 100° F. or above on 8 of the 14 days. Many fields that had been 
planted earlier, in which the plants had attained some size before the ex- 
tremely hot weather, showed no evidence of blight. The disease was 
severest where the plants had emerged from the soil during the period of 
high temperature. On July 17, 1931, an examination of approximately 500 
acres of young Red Kidney beans on 8 farms near Colusa showed a loss of 
5 to 50 per cent from seedling stem blight. One large planting of over 300 
acres was damaged 5 to 10 per cent, and a 20-acre field, where the plants 
were just coming up during the severest part of the hot period, show^ed a 
loss of over 50 per cent. Several earlier plantings of Red Kidney beans 
where the plants had developed trifoliate leaves before the hot period did 
not show evidence of the disease. 

In 1932 seedling blight was found very severe on July 13 near Orland, 
following a period of high temperatures extending from June 20 to July 9 
(Fig. 1) during which the mean daily temperature was well above 80° F. 
on all but one day, was above 90° F. on 5 days, and reached 95° F. on June 
30. The maximum temperature ranged from 101° to 113° F. for 17 of the 
20 days and was above 95° F. the other 3 days. 

Thus the occurrence of blight in the field was correlated with periods 
of hot weather when the mean daily temperature was 80° F. or above. Dur- 
ing the 4 years 1929 to 1932, 3 such periods occurred and it was only during 
these periods that the blight seriously damaged bean seedlings. It is not 
unusual in the central valleys of California for periods of 1 to 3 weeks of 
hot weather to occur in June and July. It has been noted that beans 
planted so that the plants had developed the first trifoliate leaves before 
such a heat wave escaped the disease. Also, plantings made after the mid- 
dle of July have not been observed to suffer materially from seedling blight. 

The geographical distribution of this fungus as a pathogen suggests 
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that it is favored by high temperatures. Small (10, 11) reported that the 
wilt of beans caused by this fungus occurred at high temperatures and 
Taubenhaus (16) states that its attack on sweet potatoes is most common in 
overheated houses maintamed at 80° to 90° F. during the sweating process 
and in storage bins next to or nearest the stoves. 


SPECIES AND VARIETIES SUSCEPTIBLE 

Under field conditions, Red Mexican, Red Kidney, and Pink beans, 
Phmeolus vulgaris L., have been seriously attacked, while not much damage 
has been observed in fields of Henderson’s Bush Lima beans., P. lunatm 1 j. 
var. hmonanus ‘Bsiilej, or Blackeye cowpeas, Yigna sinemis Endl, In the 
600-acre planting of Red Kidney beans, which showed a 50 to 60 per cent 
depletion in stand because of this disease in 1932, a small acreage of Black- 
eye cowpeas planted at the same time in one of the large bean fields showed 
no cases of the disease. Maekie (5) found the late-season attack of the 
fungus in California on Blackeye cowpeas and all varieties of beans except 
the Large Lima and Hopi Lima. 

In a small experimental plot of infested soil at Davis, planted at inter- 
vals during the summer of 1932 with a number of species and varieties of 


Pig. 2. Seedling Red Kidney beans showing different stages of stem, blight caused 
by R. 'bataticola at high temperatures. A, Collapse of upper hypocotyl before the 
cotyledons reached the soil surface. B. Upper hypocotyl and plumule hilled soon after 
emerging from the soil. C-E. ProgressiTe stages in the development of stem blight on 
the hypocotyl and plumule after the plants have pushed through the soil. E Healthy 
plant. 
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beans, light infection occurred on Scarlet Punner, P. coccineus L., Burpee’s 
and Pordliook Bush Linaa, P. limemis Maef. var. Umenanus Bailey, and the 
following varieties of P, vulgaris Speckled Cranberry, Davis White Wax, 
Kentucky Wonder, G-olden Wax, Pink, Eed Mexican, Dwarf Horticultural, 
Black Valentine, Kefugee, Bountiful, and Stringless Greenpod. 


Jb’iG. 3. Symptoms of stem blight on seedlings of Eed Kidney bean after the pri- 
mary leaves have developed. A. Incipient lesion at the cotyledonary node. B. Lesion 
approximately one day older than A. C. Linear lesion on one side of the hypocotyl and 
drooping of the primary leaves as a result of the invasion of the plumule by the fungus. 
D. Eapid invasion of the epicotyl and a primary leaf petiole, causing the petiole to col- 
lapse before the lamina wilts. 


Seedlings Infected Near Cotyledonary Node. The fungus attacks the 
hypocotyl or epicotyl of the bean seedling either before or soon after 
it emerges from the soil, causing a conspicuous, black, sunken canker about 
the base of a cotyledon. (Fig. 3.) A somewhat similar type of hypocotyl 
infection was observed by Shaw (7) on jute, cotton, groundnut, and cow- 
pea seedlings. Briton-Jon® (2) obtained infection on cowpea and bean 
seedlings. Small (10) and Eeichert and Hellinger (6) also obtained infec- 
tion of bean seedlings. Small (13) found infection on seedlings of certain 
woody hosts, such as tea plants, and believed that infection occurred 
through the roots, though he (14) reports an instance of collar rot of a tea 
seedling. Butler (3) found that tea seedling-s were invaded in the stem 
rather than through the roots. 

The first evidence of the disease is the appearance of a small somewhat 
irregular, dark, sunken lesion on the stem at the base of a cotyledon petiole. 
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Eig. 4. A. Incipient lesion at cotyledon scar on a Pink bean plant where infection 
occurred after the trifoliate leaves started to develop. B. Late stage of the disease on 
an older Bed Kidney bean plant showing the restricted development of the canker, con- 
centrie markings and a lateral break of the stem at the cotyledonary node. C. Advanced 
stage of stem blight of Bed Kidney bean plant showing the death of the above-ground 
parts while the lower hypocotyl and roots are still apparently healthy. D. Bed Mexican 
bean plant, killed by P. 'bataticola, showing small black, sclerotial bodies embedded in 
the cortical tissue. 


(Pig. 3, A.) Infection spreads rapidly down the hypocotyl and np into the 
plnmnle, often involving the petiole of one of the primary leaves, (Pig. 
3, D.) The progress of the lesion may be so rapid that the entire stem is 
involved, and the plumule is killed. (Pigs. 2, A, B, and E and 4, C.) 
Often the petiole of a primary leaf is invaded so rapidly that the petiole 
tissues collapse before wilting of the lamina is evident. (Pig. 3, D.) 

When very high temperatures prevail, the cotyledons and plumule are 
often invaded before the plant reaches the surface of the soil and when the 
U-shaped hypocotyl is pushed through the soil by the healthy roots below, 
the upper end of the hypocotyl, attached eotyledons, and plumule have been 
killed. (Pig. 2, A.) In other cases the plumule pushes out from between 
the eotyledons and starts to grow, hut its development is quickly arrested 
by the progress of the fungus in the hypocotyl and epicotyl and the young 
plants are killed. (Pig. 2, B and E.) Many of these plants never reach 
the surface of the soil or, if they do break through the soil, they are in such 
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a weakened condition that they die and dry np in a few konrs in the kot dry 
winds. Wkere irregularities in stand ocetir, it requires a ratker careful 
examination of tke surface of tke soil, as well as just under tke surface, to 
realize tke extent of tke damage to tke young plants from tkis pkase of tke 
disease. 

Often wken infection is delayed until after tke primary leaves are fully 
developed, tke progress of tke fungus is materially slower tkan wken infec- 
tion occurs before or soon after tke plant emerges from tke soil. Tke devel- 
opment of tke disease on suck plants is usually more pronounced along one 
side, resulting in tke drooping and deatk of tke primary leaf on tkat side 
and tke yellowing of trifoliate leaves, if present. Suck plants, are easily 
noted in tke field by tkeir stunted appearance and the yellow wilted condi- 
tion of tke leaves on one side. 

If infection does not show until after tke first trifoliate leaves are 
formed, tke lesion is usually very muck retarded in its development and is 
confined to tke area immediately above and below tke cotyledonary node. 
(Fig. 4, A and B.) Suck lesions are sunken, dark-colored cankers witk a 
rather sharp margin. It is, not unusual to observe a concentric pattern in 
old slowly developing lesions. (Pig. 4, B. ) Often tke lesion extends down 
the stem to the ground line, but in no case has it been found extending to 
tke roots. (Fig. 4, C.) However, even though tke lesion is small, tke stem 
becomes brittle at this point and usually is broken off sooner or later by 
wind or cultivation. 

Sclerotial bodies are produced in tke older parts of slowly developing 
lesions in 3 to 4 days, and in suck lesions an abundance of small black bod- 
ies of tkis sort protrude from tke cortex and are visible after 5 to 6 days. 
(Pig. 4, D.) Formation of sclerotial bodies is not so rapid on young plants 
infected while emerging from the soil, but after a few days these may be 
found in the dead tissues. 

Macroscopic observation distinctly indicated tkat tke tissue around tke 
base of tke small cotyledonary petiole was tke point wkere the fungus had 
entered. Longitudinal and cross-sections, cut through tke kypocotyl and 
attacked cotyledon in both infected and kealtky seedlings, failed to show 
any wound or natural opening in the tissues at tke point of infection. Ex- 
amination of young lesion^ showed that there was no invasion of the coty- 
ledonary petiole until after the stem tissue at its base had been invaded. 
It, therefore, is assumed tkat the fungus is able to penetrate tke unwounded 
epidermis, possibly through the area of primordial tissue in the axis of the 
cotyledon. 

An examination of stained microtome sections through incipient lesions 
showed tke fungus to be intercellular and confined in tke early stages to the 
cortical tissues. Tke progress of the mycelium under favorable conditions 
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is rapid, causing a disintegration of tlie tissues. Growth of the myeelium 
is iniich more rapid longitudinally through the cortical tissues than radially 
or tangentially. Later the fungus penetrates the inner tissues and causes 
the stem to collapse. 

RHIZOCTONIA BATATICODA ISOLATED PROM DISEASED SEEDLINGS 

Hundreds of isolations from diseased seedlings collected in the field and 
from artificially inoculated plants have consistently yielded pure cultures 
oi Bkkoctonia lataticola. This fungus grows readily on potato-dextrose 
agar at ordinary laboratory temperatures. Mycelial growth is rapid, 
spreading, white, with slight aerial hyphae at first, but soon becomes more 
dense and prostrate. In 2 to 3 days at 25° to 30°- C., the center of the 
mycelial mat begins to turn a greenish black, and at the same time, abun- 
dant, minute, black, round sclerotial bodies appear in the discolored area. 
Within 4 to 6 days the surface of an agar Petri dish usually is covered by 
the colony, and the small black sclerotial bodies, uniformly embedded in the 
upper strata of the medium, are so abundant that the fungus is black in 
appearance. In hundreds of agar plates and tube cultures examined, no 
pyenidia have been observed. 

On sterilized young bean stems abundant growth occurs, and in a few 
days the small black sclerotial bodies appear in great abundance in the cor- 
tex. Such cultures have been examined from time to time over a period of 
more than one year during which they were allowed to dry thoroughly, but 
no pyenidia were found. Moreover, bean seeds were planted in sterilized 
moist sand in large test tubes with small bits of young agar cultures placed 
on the surface of the sand. The resulting seedling plants readily became 
infected, and in a few days the stems collapsed and numerous small black 
sclerotial bodies appeared in the cortical tissue. Microscopical examina- 
tions of these seedlings were made from the time infection showed up until 
the plants were dead and dry, but no pyenidia were found. Likewise, nat- 
urally infected plants from the field have been examined microscopically in 
all stages of the disease, but no pyenidia have been found. On inoculated 
sweet potatoes held in sterile moist chambers, typical charcoal rot, as de- 
scribed by Taubenhaus (li5), was produced. 

Apparently, this fungus is identical with Sclerotium lataticola, or 
Bhizocionia lataUcola, to which Ashby (1) applied the binomial Macropho- 
mina phaseoli (Maubl.) Ashby. However, since the writer has found no 
pyenidia associated with this seedling disease, it seems advisable for the 
present to adhere to Briton-Jones' (2) and Haigh's (4) classification of the 
fungus as Bhizocionia lataticola (Taub.) Butler. The size of the sclerotial 
bodies, which show an average mean diameter of 75.4p, indicates that the 
fungus apparently belongs to the small-sclerotia or C group of Haigh (4), 
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which includes his isolations from beans and in which he found pycnidia 
produced, and may very likely be identical with or closely related to the 
fungus causing ashy stem blight of beans^’® (17). 

CULTURES PATHOGENIC IN SOIL AT HIGH TEMPERATURES 

Infection of jute, cotton, groundnut, and cowpea seedlings grown in soil 
inoculated with cultures of Bhizoctonia hataticola (then termed solani) 
was obtained by Shaw (7), and infection of bean seedlings under similar 
conditions has been obtained by Small (10), Briton-Jones (2), and Reich- 
ert and Hellinger (6). 

During the winters of 1929-30 and 1930-31 attempts were made to pro- 
duce the disease on bean seedlings under partially controlled greenhouse 
conditions. In general, the method employed was to grow the fungus on 
sterilized oats in fruit jars and, after it had thoroughly permeated the oats, 
the contents were uniformly mixed with steam-sterilized soil, which was 
then placed in 6-ineh pots. Beans Avere planted in the pots of soil. Al- 
though several hundred seedlings were grown under the above conditions 
during the two seasons, only a few slight cases of the disease developed. 
During the period of the above trials, the temperature ranged from 60° to 
70° F., except for a few hours during the middle of the day, when the sun- 
light produced a somewhat higher temperature in the glass house. 

Following the occurrence of the seedling stem blight again during and 
immediately after a period of abnormally high temperature in 1931, it 
appeared quite probable that high temperature played an important part 
in the occurrence of the disease. On July 22, 1931, cultures of Bhizoctonia 
hataticola, prepared as previously described, were uniformly mixed into 
>steam-sterilized soil and 24 8-inch pots were filled approximately half -full 
of the inoculated soil. The 24 pots were divided into 2 groups and 12 to 15 
beans of the Red Kidney variety were placed on the surface of the soil of 
each pot in one group of pots and a similar number of the Red Mexican 
variety in the other group. The seed was then covered with inoculated 
soil to the depth of 3 to 4 inches and the pots were placed in large galvan- 
ized pans on the south side of the greenhouse. A similar series of 12 pots 
was prepared from noninoculated soil for controls and placed in other pans 
near-by. Enough water was added to the pans at intervals to maintain 
the water level high enough for normal growth of the plants. When the 
pots were placed in the pans, thermometers were placed at l-ineh and 3-inch 
levels in the soil. Temperature readings were taken daily from these ther- 
mometers at 8 to 9 a. m., 12 to 1 p. m., and 4 to 5 p. m. There was no 
apparent difference in susceptibility between the Red Mexican and Red 

5 See footnote 4. 

6 See footnote 3. 
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Kidney varieties and they are not considered separately in the disenssion 

The nnmher of plants in each series "was recorded on August 10 and it 
was found that only 6 plants had emerged from the soil in the 24 pots _ot 
inoculated soil. By digging into the soil, it was found that the majority 
of the seeds had germinated, hut had been killed before reaching the sur- 
face The 6 plants emerging from the inoculated soil died shor ^ ^ 
coming through the ground and only one lived long enough to develop 
nrimary leaves. All showed unmistakable symptoms of stem blight and 
isolations yielded cultures of B. lataticoU. There were 86 healthy plants 

in the 12 pots of noninoculated soil. . x j • 

On August 10, seed of the same varieties of beans was again planted in 
all of the pots of inoculated soil and 6 pots of the control series. n 
Ano-ust 20 171 young plants were up in the 24 pots of inoculated soil an 
^ToledstJbligM symptom, „M1. all of the 50 pleats in the 6 pots 
of the control series were healthy. By August 22, 88 additional plants m 
the inoculated series had developed the disease, and by August ^on y 
plants remained alive, 4 of which died within the nest 4 days A total of 
201 out of 202 plants in the 24 pots of inoculated soil were killed by 
disease (Table 1). All of the plants in the control series were vigorous 
and healthy on September 14, when the experiment was discontinued. _ 
During the period July 22 to August 10 when the first test was being 
made, the mean air temperature, as recorded by the ofbcial weather station 
at D As, ranged between 70 “ and 85» P. with an average mean of approat- 
matelv 76° F. The average daytime soil temperature, deteimined by a 
aging the 3 readings of the triplicate thermometers at eacK depth, ranged 
between 95° and 113° F. at 1-inch depth and 81° to 95 P. at the 3-inch 

^^^Por the period August 10-27, when the second series of 
were in operation, the mean air temperature ranged between 69 and 83 i . 
with an average mean of approximately 76° P. The average daytime soi 
temperature at the 1-inch depth ranged between 98 and 107 P., while at 
Sllh depth the variation was 82° to 89° P. (Pig. 5.) Thus, it will 
be seen that relatively high temperatures prevailed during these two series 
of inoculations in both of which approximately 100 per cent infection vas 

^^'"Tn order to test further the effect of temperature on the oeeurrence of 
the disease, the same series of pots, which had not been disturbed, were 
again planted on September 14 with the same varieties of beans Ten days 
after planting, 468 plants were up in the 24 pots of 

showed lesions. The experiment was continued until October 21 and 





Meon air iemperaiure. 
Average daytime $oU 
temperature^ / iacfy depth. 
Average daytime soU 
temperature 1 S inch depth. 


July Aug, Aug. Sept, Oct Oct, /VbK 

Fig. 5. Graphs showing air and soil temperatures prevailing during 4 series of in- 
oculation tests with JK. lataticola on bean plants, Davis, California, 1931. Abundant 
infection occurred during the first 2 series when high temperatures prevailed. Mean air 
temperatures taken from records of local office of U. S. Weather Bureau. Soil tempera- 
tures represent average of these readings at about 8 . a. m., 12 m., and 4: 30' p. m., each 
day. 

total of 37 of the 468 plants showed the disease, while 209 plants came up 
and grew normally in the noninoeulated soil (Table 1). The progress of 
the disease during this experiment w^as very slow, only a few additional 
plants showing the disease from day to day. The lesions enlarged very 
slowly and very few of the plants were killed before the experiment was 
discontinued. During this experiment the mean air temperature was 
between 58® and 71® F., with an average mean of 65® ; the soil temperature 
at a depth of 1 inch averaged between 74° and 82® F. ; while the soil 
temperature at a depth of 3 inches averaged between 69® and 76®. (Fig. 5.) 
Thus, it will be seen that the temperatures were considerably lower than 
during the 2 earlier experiments. 

As a further test, 12 of the pots of diseased soil and 12 pots of non- 
inoeulated soil were removed on October 21 to a greenhouse, placed in large 
pans on a bench, and seed was planted in the same way as in previous trials. 
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A total of 232 plants were produced in tlie pots of inoculated soil and only 
one plant showed the disease (Table 1), A very small canker developed 
at a cotyledon sear on this plant. There were 219 plants in the pots of 
noninoculated soil and all were healthy. The mean air temperature in the 
greenhouse during the time of the experiment ranged between 52° and 
65° P., with an average mean of 61,2°; the soil temperature at a depth of 
1 inch averaged between 72° and 80° F., and at a depth of 3 inches be- 
tween 69° and 77° (Pig. 5). 


TABLE 1 . — -BesuUs of inoGulation tests at different temperatnres in 19S1, Seed 
leans mere planted in pots of sterilised soil inoculated with a pure culture of latatieola 


Duration 

of 

test 

Temperatures 

Variety 

Inoculum 

Number 

of 

plants 

Percentage 

diseased 


0 








B. latatieola 

99 

100 

Aug. 11 

Aira 76.5 

Bed Mexican 

none 

1 , 25 

0 

to 



E. latatieola 

103 

99 

Aug. 27 

Soili> 98--107 

Bed Kidney 

none 

25 

0 




JK. latatieola 

300 

8.6 

Sept. 23 

Air 65 

Bed Mexican 

none 

125 

0 

to 



jK. latatieola 

168 

10.1 

Oct. 2 

Soil 74-82 

i ■ ^ 

Red Kidney 

none 

84 

0 




M. latatieola 

141 

0 

Get. 27 

Air 61.2 

Bed Mexican 







none 

120 

0 

to 



B. latatieola 

91 

1.1 

Nov. 6 

Soil 72-80 

Bed Kidney 

none 

99 

0 


a Average mean daily temperature. 

b Average daytime soil temperature at depth of one inch. 


The effect of temperature on the growth of the fungus in pure culture 
was obtained by growing the fungus in Petri dishes of neutral potato-dex- 
trose agar at the following temperatures : 39, 46, 54, 63, 68, 77, 86, and 104 
degrees P. No growth took place at 39° and in one culture a trace 
of growth occurred at 46°, but no sclerotial bodies were formed. At 54°, 
growth and scferotia formation were very slow and meager, while at 63°, 
fair growth took place and many sclerotia were formed in older cultures. 
There was good growth at 68° and 77°, the rate of growth and sclerotia 
formation being somewhat more rapid at 77°. Maximum growth and 
rapidity of sclerotia formation in these tests took place at 86°, while at 104° 
only a trace of growth occurred. 
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Tlie results of these inoculation tests show that Bhizoctonia iaMicola 
may cause a destructive stem blight of seedling beans and thus corroborate 
the theory suggested by the field observations, ie,, that high temperatures 
are necessary for infection. Apparently the disease is favored by a day- 
time temperature of 95® P. or above in the surface inch of soil. 

SUMMARY 

Bhizoctonia iataticola causes a destructive stem blight of Red Mexican, 
Red Kidney, and Pink bean seedlings, which occurs in epiphytotic form in 
the central valleys of California. The disease may kill a considerable per- 
centage of the seedlings and seriously decrease the stand. 

Seedling stem blight is characterized by black, somewhat sunken lesions 
on the upper part of the hypocotyl, which may involve the epicotyl and 
plumule and promtly kill the plant. Plants not killed in the seedling stage 
usually are broken over later at the point where the canker has weakened 
the stem. 

Infection takes place on the hypocotyl at the base of a cotyledonary 
petiole before or soon after the seedling emerges from the soil. 

The fungus, Bhizoctonia hataticola^ has been consistently isolated from 
diseased seedlings. No pycnidia have been found. 

Bpiphytoties occurred in 1929, 1931, and 1932 in fields where the seed- 
lings came up during and immediately following periods of about 10 days 
or more in which the mean air temperature was 80® F. or, more, with maxi- 
mum daily temperatures near or above 100® F. There were no such periods 
in 1930 and no epiphytotics were noted. 

Bean seedlings, grown in pots of sterilized inoculated soil, became in- 
fected in a manner typical of the disease as it occurred in the field during 
2 series of tests in June and July, 1931, when the daytime soil temperatures 
averaged 95®-113® and 98®~107® at 1 inch and 81®-95® and 82®-89® F. 
at 3 inches, but not during 2 later series in September and October, when 
the daytime soil temperatures at a depth of 1 inch averaged 74®-82® and 
72®-80® and at 3 inches, 69®-76® and 69®-77® F. 

University op California, 

Davis, California 
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ISOLATION OF YELLOW-MOSAIC VIEUSES PEOM PLANTS 
INFECTED WITH TOBACCO MOSAIC 

J A M E S H . J E N S E ]Sr 
(Accepted for publication October 3, 1933) i 

INTRODUCTION 

The mosaic disease of tobacco, as is well known, is characterized by a 
blotching of the leaves with light and dark green areas. These areas pro- 
dnce the mottling or mosaic pattern, from which the disease derives its 
name. In addition to this mottling, small bright yellow spots occasionally 
occur on the leaves. They are few in number and may be easily overlooked. 
They are found, however, on most tobacco plants at some time in the course 
of systemic infection. 

McKinney (4, 5, 6) has pointed out that the bright yellow areas contain 
a virus that differs from that of ordinary tobacco mosaic. He was able to 
isolate a yellow mosaic by cutting out the small yellow spots and inoculating 
from them. McKinney stated that the association of ordinary tobacco- 
mosaic virus and the yellovr-mosaic virus might not constitute a contamina- 
tion in the usual sense. He suggested that the yellow-mosaic virus might 
have arisen as the result of a mutation, although a satisfactory interpreta- 
tion could not be given at that time because so few data were available. 
Dufrenoy (1) found that juice from bright yellow areas produced local 
yellow lesions when inoculated into mature leaves of tobacco. 

Experiments were undertaken to determine whether the virus contained 
in the bright yellow spots is present in the original inoculum, occurs as the 
result of contamination, or arises in tissues invaded by the disease. The 
purpose of this paper is to describe the experiments and to report the re- 
sults obtained. 

MATERIALS AND METHODS 

The tobaeeo-mosaic virus used in these experiments was of the ordinary 
field type and produced typical tobacco-mosaic symptoms. 

The plants used in studies on bright yellow spots were Nicotiana 
tabacum L. variety Turkish, N. sylvesti'^is Spegaz. & Comes, and Lyoo- 
persicon esmlenhim Mill. A. glutinosa L. was used in attempts to obtain 
samples of tobacco-mosaic virus free from all other viruses. N. langsdorffii 
Schrank was used in attempts to isolate pure samples of yellow-mosaic 
viruses. 

All plants were grown in soil in 4-inch or 6-inch porous clay pots or in 
shallow wooden flats. Special precautions were taken to prevent accidental 

1 Published at the expense of the Boekefeller Institute for Medical Research, Prince- 
ton, N. J., out of the order determined by the date of acceptance of the manuscript. 
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infection of inoculated plants with other wiruses. Touching the plants 
during watering and other greenhouse operations was carefully avoided. 
The greenhouses were fumigated frequently to control insects. 

The following inoculation methods were used: 

1. Pot -label method. Two small sterile wooden pot labels w^ere used to 
break off and macerate a piece of diseased leaf. Transfers of virus to 
other plants were made by rubbing one or two small leaves with these pot 
labels. The advantage of this method is- that it permits the easy transfer 
of several different viruses without contaminating the hands. 

2. Single pin-puncture method. A. sterilized fOO insect pin was inserted 
into that portion of a diseased leaf from, which a transfer was to be made, 
and then into a small leaf (0.5 to 1.5 cm. long) of a healthy young tobacco 
plant. This method was used in transferring virus from bright yellow spots. 

3. Glass-spatula method. A disk of diseased leaf tissue was- cut out by 
means of a sterile cork borer and macerated on a glass slide with a glass 
spatula similar to that described by Samuel (7) . Inoculations were made 
by rubbing leaves with the glass spatula. This method was used in making 
transfers from local necrotic lesions occurring on leaves of Nicotiana 
glutinosa BiidiN.langsdorffii. 

EXPERIMENTAL PROCEDURE 

In preliminary experiments it was found that bright yellow spots from 
which a yellow-mosaic virus could be isolated occurred on leaves of 
Nicotiana tabacum variety Turkish, N. sylvestris, and Ly coper sicon escu- 
lentum^ whenever such plants were inoculated with tobacco-mosaic virus. 
The yellow-mosaic virus obtained from these yellow spots produced symp- 
toms that differed from those of tobacco mosaic. Plants inoculated with 
mixtures of the virus of tobacco miosaic and that of the yellow mosaic de- 
veloped symptoms that were different from those produced by either virus 
alone. When tobacco plants were inoculated with mixtures containing 
various proportions (1: 1 to 1: 100) of the 2 viruses, they were easily dis- 
tinguished from those infected with only one virus. 

It was found that the yellowy-mosaic virus, rubbed over leaves of 
Nicotiana gUitinosa, produced local necrotic lesio^ns that appeared identical 
with those produced on this plant by tobacco-mosaic virus. When solutions 
containing mixtures of these 2 viruses were rubbed over leaves of N. gluti- 
there appeared necrotic lesions all of which looked alike. It was 
found, however, that when single necrotic lesions from such leaves were 
used to inoculate young tobacco plants, a high percentage of the plants pro- 
duced symptoms characteristic of infection with one virus only. These 
results suggest that single necrotic lesions offer a means of separating the 
virus of tobacco mosaic from that of the yellow mosaic. The method was 


: 




used in attempts to obtain samples of tobacco-mosaic virus that would be 
free from tbe virus of yellow mosaic. These attempts were carried out iu 
the following manner. Dilute solutions of the expressed juice of tobacco 
plants infected with tobacco mosaic were rubbed over leaves of NicoUma 
gluUmsa plants. A number of necrotic lesions were produced. Virus from 
isolated single lesions was transferred through a series of N, gUtinosa 
plants, each being inoculated with virus from a single lesion of the pre- 
ceding plant. Necrotic lesions on these plants were frequently tested for 
the presence of yellow-mosaic virus by inoculating young tobacco plants 
from single lesions. These plants always produced typical tobacco-mosaic 
symptoms. No bright yellow primary lesions, such as would have indicated 
that the virus of yellow mosaic was present, ever appeared. It is believed, 
therefore, that the virus of tobacco mosaic obtained from necrotic lesions 
was free from that of yellow mosaic. 

With tobacco-mosaic virus obtained by this method, an experiment was 
next undertaken to determine whether yellow spots would occur on leaves 
of plants systemically infected and protected against contamination^ in 
the greenhouse. 

Plants used in the experiment were tobacco, Nicotiana sylvestris^ and 
tomato. Twenty healthy young plants of each species, which were later 
to be inoculated, were placed in the central portion of a greenhouse bench. 
Twenty similar plants, which were later to serve as controls, were placed 
so as to completely surround the test plants. This arrangement left the 
controls iu the location where they would be most exposed to accidental in- 
fection, if any should occur. 

All plants were kept under close observation for at least a week before 
being inoculated. Neither symptoms of tobacco mosaic nor chlorotic spots 
of any kind appeared on the plants during this preliminary observation 
period. 

Inoculations on the twenty plants in the center of the group were made 
with virus from single necrotic lesions on Nicotiana glutinosa leaves. The 
tobacco and tomato plants were inoculated from lesions obtained on the 10th 
serial transfer, whereas plants of A. sylvestris were inoculated from lesions 
obtained on the 15th serial transfer. The glass-spatula method was used 
in making the inoculations. Of the 20 plants of each species inoculated, 
infection was obtained in 16 tobacco, 20 N, sylvestris, and 10 tomato plants. 
All of the 60 control plants remained healthy during the course of the 
experiments. 

Within 10 days to 2 weeks after inoculation, some of the mottled leaves 
of the infected plants showed small bright yellow vspots, similar to those 
observed in previous experiments. Other yellow spots continued to appear 
as long as the plants were held. Typical bright yellow spots are shown in 
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figure 1. Of the 46 plants infected, all except 2 (1 of Nicotiana sylvestris 
and 1 of tomato) finally produced yellow spots. A total of 157 spots ap- 
peared during the period of 1 month following inoculation. Table 1 gives 
a summary of the results obtained. Since no chlorotic spots appeared on 
the 60, control plants in this experiment, it is concluded that the yellow 
spots on infected plants were not the result of contamination or of acci- 
dental infection. 


TABLE 1.^ — Summarised results of atie^npts to isolate virus from yellow spots in the 
leaves of Nicotiana spp. and tomato * 


During the course of the studies, attempts were made to isolate virus 
from a number of the yellow spots. Leaves bearing yellow spots were re- 
moved from the plants by means of sterile scalpels. The single pin-punc- 
ture method was used in attempts to transfer virus from the yellow spots 
to young tobacco plants. Three to 5 days after inoculation, some of the 
small plants usually showed symptoms of infection. Six to 7 clays after 
inoculation, the virus from each small diseased plant was transferred by 
the pot-label method to several healthy young Turkish tobacco plants. The 
symptoms on these plants were carefully observed. Plants showing infec- 
tion with tobacco mosaic or with a mixture of tobacco mosaic and yellow 
mosaic were discarded. , Those showing only symptoms of yellow mosaic 
were held separately. Twenty-six isolations of yellow-mosaic virus were 
made from yellow spots. 

When the symptoms produced by inoculating plants from the yello\v 
spots were studied, it became apparent that a number of different yellow- 
mosaic viruses had been obtained. It was observed that, while all plants 
inoculated with virus obtained from*^ different yellow spots produced more 
or less similar primary yellow lesions, some produced distinctly different 
systemic symptoms. These observations suggested that the different yellow 
spots contained different viruses., Since these viruses were not the result of 



N, tahaoum 

N. sylvestris 

L. esculentum 

Plants inoculated witli tobacco-mosaic 
virus from necrotic lesions 

20 

20 

20 

Number of plants infected 

16 

20 

j 10 

Plants with yellow spots on leaves 

16 

19 

9 

Total number of yellow spots on in- 
fected plants 

68 

54 

35 

Isolations attempted 

36 

36 

25 

Yellow-mosaic viruses obtained 

12 

8 

6 
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contamination or accidental infection and, since their presence in the 
samples of tobacco-mosaic virus used for inoculation could not be demon- 
strated, even though repeated tests were made, it appears that they must 
have arisen in the infected plants. 

For the purpose of comparing the viruses obtained from different yellow 
spots, attempts were made to inoculate various species of plants. Among the 
plants tested were the following : Nicotiana glutinosa L. ; V. glauca E. Grab. ; 
N. mstica L. ; N, sylvestris Spegaz. & Comes; N. paniculata h, ; N. langs- 
clorffi Schrank; N, amminata Hook. ; Lycopersicon esc'idenium Mill.; 
Physalis angulata L. ; Solamm melongena L, var. Hangchow Long. 

Observations on the various kinds of plants inoculated with yellow- 
mosaic viruses showed that a number of the virus samples obtained from 
different yellow spots produced different symptoms on these plants as well 
as on tobacco. 

On the basis of production of systemic symptoms in tobacco, the viruses 
appear to fall into 3 groups. Those in the first group produced general 
systemic infection with symptoms resembling tobacco mosaic but character- 
ized by more intense yellowing. The viruses of this group all produced 
the clearing-of-veins symptom. This symptom was followed by the emer- 
gence of several leaves showing mottling and distortion. Such leaves were 
followed by 3 or 4 healthy-appearing, intensely green leaves. In many in- 
stances, these leaves showed no symptoms of disease until they were almost 
fully expanded, when blotch-like or ring-like yellow areas appeared. These 
yellow areas usually enlarged slowly until large portions of the leaves were 
involved. Later stages of the disease were characterized by the production 
of leaves that were more or less yellowed. The intensity of yellowing of 
the diseased leaf tissue varied with the different viruses of the group. 
Some viruses produced bright yellow chlorotic areas, others produced green- 
ish yellow areas. The viruses producing the more intense yellow symptoms 
often affected the leaf tissue so severely that complete collapse and necrosis 
occurred. This was especially true of leaves involved in the clearing-of- 
veins symptom. Except for greater intensity of foliage symptoms the dis- 
eases in this group corresponded very closely with tobacco mosaic. 

A second group of viruses produced systemic infections, which ordi- 
narily advanced slowly and usually produced no typical clearing-of-veins 
symptoms. The first symptoms of systemic infection by viruses of this 
group consisted in the appearance of numerous small yellow spots on 1 or 2 
of the young leaves. In some instances, these small spots tended to join 
together, forming a rough clearing-of-veins pattern; in other cases the 
yellow areas enlarged slowly until most of the leaf was yellowed. Symp- 
toms appeared on leaves higher up on the stem in the form of blotch-like or 
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ring-like areas. Such spots, whether on the veins or elsewhere, enlarged 
slowly until most or all of the leaf was involved. The later stages of the 
disease were characterized by a slow enlargement of the existing yellow 
areas and the appearance of similar yellow areas on some of the younger 
leaves. 

A third group contained a number of viruses that produced' few or no 
symptoms other than the primary yellow lesions on the inoculated leaf. 
Some of them produced isolated yellow spots on 1 or 2 leaves above the 
inoculated leaf. Others produced chlorotic oak-leaf patterns, which ap- 
peared first on the leaves at the base of the stem and, later, on some of the 
leaves above. Several different virus samples w^ere observed to produce no 
symptoms other than those on the inoculated leaf during a period of about 
a month following inoculation. The yellow lesions at the point of inocula- 
tion usually enlarged slowly until the entire leaf became yellow and finally 
collapsed. Several samples of the viruses produced yellow primary lesions 
that soon became necrotic. 

The viruses of the 3 groups just described differ in the ease wdth w^hich 
they are transmitted to healthy plants. Those of the first group are trans- 
ferred readily, wdiereas those of the other 2 groups are transferred with 
considerable difficulty. Some of them are so difficult to transmit mechan- 
ically that even severe rubbing of the leaves with undiluted virus extracts 
does not give a high percentage of infection. 

The yellow-mosaic viruses that have been isolated have not yet been suffi- 
ciently studied to justify a detailed description of symptoms. Brief de- 
scriptions of the most characteristic symptoms of 3 of them in tobacco and 
a few other plants are given below. . 

1. Yellow mosaic, isolation No, 102. This virus, which belongs in the first 
group, produces large yellow primary lesions on inoculated leaves of tobacco 
plants. These are followed by a sharply defined yellow vein-clearing and 
later by systemically infected leaves that are almost entirely yellow. 
A leaf of this type is shown in figure 2, A. Systemic symptoms of yellow 
mosaic are also caused by this virus on tomato, Aicofmw sylvestris, 
N. glauca, N. paniculata, and S. melongena Yax. HsnagGhow Long. Local 
necrotic lesions are produced on N. glutinosa, N, acuminata, and N, lamgs- 

^ dorffii. Systemic necrosis is produced in N. rustica and Physalis angulat a. 
The symptoms of the disease caused by this virus appear to be similar to 
those of Tobacco Mosaic No. 6 of Johnson (3), White Mosaic (2), and 
Aucuba Mosaic (8). 

2. Yellow mosaic, isolation No. 3. This virus belongs in the third group. 
It produces large yellow primary lesions of indefinite outline when inocu- 
lated into tobacco leaves. These lesions continue to enlarge slowly, extend- 
ing along the principal veins, as shown in figure 2, B. Usually, no symp- 
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toms other than the slowly enlarging spots appear on the plants. The spots 
finally extend lOver most of the affected leaf until, after several weeks, the 
entire leaf collapses. Large yellow spots, few in number, appear occa- 
sionally on 1 or 2 leaves above the inoculated leaf, but no vein-clearing or 
other symptoms of general systemic infection are to be observed. In one 
experiment, in which 15 Turkish tobacco plants infected with this virus 
were held about a month, symptoms appeared on leaves other than those 
inoculated in only 2 plants. This virus produces yellow blotch-like primary 
lesions on NicoUana syluesiris, tobacco, and tomato; local necrotic lesions 
on N, glutinosa m-di N, acuminata. The virus was transferred to healthy 
plants with difficulty. So far as^ is known, the symptoms of the disease 
caused by this virus on tobacco have not been previously described. 

3. Yellow mosaic, isolation No. 107. Primary lesions appear on tobacco 
leaves 4 to 5 days after inoculation with this virus, which also belongs in 
the third group. These lesions are of indefinite outline, grayish yellow, and 
soon break down to form blotch-like grayish brown necrotic areas (Pig. 2, 
C). Several weeks after inoculation, small brown necrotic spots and faint, 
slightly chlorotic, oak-leaf patterns appear on older leaves near the base of 
the inoculated plants. This virus produces local necrotic lesions on Nico- 
tiana sylvestris, N . gluUnosa and N. acuminata. It is difficult to transfer 
it to healthy plants. So far as is known, the disease resulting from infec- 
tion by this virus has not been previously described. The difference be- 
tween it and the viruses producing yellow spots is regularly shown when 
inoculations are made into similar plants in parallel experiments. It is 
possible that the virus would not produce necrosis on tobacco under all en- 
vironmental conditions. In experiments conducted during the spring and 
summer months under varying light and temperature conditions, it invari- 
ably produced the symptoms described. 

Prom these brief descriptions it is seen that the 3 viruses produce dis- 
tinetive symptoms. Some of the other yellow-mosaic viruses produce less 
striking differenees. 

To test the possibility that the small differences might be due to mix- 
tures, many of the viruses were reisolated from single necrotic lesions on 
leaves of Nicotiana langsdorffii in the following way. Bach yellow mosaic 
was transferred to a separate set of N. langsdorffii plants. Six or 7 days 
after inoculation, 10 single necrotic lesions were cut out of the leaves of 
each set and used to inoculate 10 tobacco plants, each lesion being used on 
a different plant. In every instance, the 10 inoculated tobacco plants of 
a set gave identical symptoms. It was, therefore, concluded that the viruses 
thus tested were free from other viruses and that the differences observed 
resulted from differences inherent in each of them. 
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DISCUSSION 

Evidence obtained during the course of this investigation indicates that 
yellow-mosaic viruses arise in bright yellow spots that regularly appear on 
the leaves of tobacco and tomato plants affected with tobacco mosaic. Some 
of these viruses cause diseases that differ markedly from each other and re- 
main distinct in serial transfers. Others produce symptoins that differ so 
slightly that they are almost indistingniishable on the plants to which they 
have been transmitted. Still others cause diseases that seem identical. 

It is believed that the possibility that these viruses may be carried along 
with the virus of tobacco mosaic in transfers from plant to plant or that 
they may be accidentally transmitted from some other plant to the tissues 
in which they appear, has been eliminated. Some of them are difficult to 
transmit to tobacco. Considering this characteristic, it seems improbable 
that they would be carried along in ordinary tobacco-mosaic inoculation. 
Since it is very difficult to recover them from the necrotic lesions they pro- 
duce on Nicotiana glutinosa^ it is even more improbable that they would be 
retained through a series of single necrotic-lesion transfers of tobacco mosaic 
such as was made in efforts to obtain pure samples of this virus. No bright 
yellow spots have ever been observed on uninoculated check plants. . They 
occur only on plants that have tobacco mosaic and are far too numerous to 
permit their being considered as due to accidental contaminations. It is, 
therefore, believed that the yellow-mosaic viruses arise from the tobacco- 
mosaic virus. Although these viruses and the diseases they produce have 
not yet been sufficiently studied to justify conclusions regarding the ex- 
tent to which they differ from each other or from the tobacco-mosaic virus, 
they are considered to be strains of the latter. All of them are readily 
distinguished from the latter by the symptoms produced in tobacco. Some 
also differ in showing a lower infectivity and a slower rate of spread from 
primary lesions. Insofar as has been been determined, they have the same 
host range as tobacco mosaic. In several different plants they produce 
necrotic primary lesions that are indistinguishable from those of the latter 
disease. Nothing is known as to the manner in which they arise, or the 
conditions favoring their production. 

Some of the yellow mosaics of Solanaceous plants prevalent in commer- 
cial fields and greenhouses may have originated in yellow spots on leaves 
of plants having tobacco mosaic. It is possible that sucking insects that 
accidentally feed on the bright yellow spots on such leaves and later on 
healthy tobacco or tomato plants may thereby isolate yellow-mosaic viruses 
and start epidemics of such diseases as Tofiacco Mosaic No. 6 of J. John- 
son (3), the White Mosaic of E. M. Johnson (2), or Aucuba Mosaic (8). 
Some of the yellow mosaics isolated differ from any that have previously 
been described. 


974 


Phytopathology 


[VoL. 23 


SUMMARY 

Small, bright yellow spots, containing the viruses of yellow mosaics, 
occasionally appear on leaves of Nicotiana taiacum variety Turkish, 
N. sylvestris^ and Ly coper sicon esculenhmi infected with tobacco mosaic. 

Similar yellow spots appear when plants of these species, protected 
against accidental infection, are inoculated with tobacco-mosaic virus shown 
to be free from all other viruses. 

Twenty-six isolations of yellow-mosaic virus were made from yellow 
spots. Many of them differ from each other. The symptoms produced by 
3 that showed marked differences are briefly described. 

Evidence obtained in this investigation indicates that viruses of yellow 
mosaics arise during multiplication of tobaceo-musaic virus in infected 
plants. 

The Department op Animal and Plant Pathology op 
The Eockefeller Institute for Medical Research, 

Princeton, New Jersey. 
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SOME SIGNIFICANT ESTIMATES OP LOSSES FROM PLANT 
DISEASES IN THE UNITED STATES 

N E I L E . S TE VE N S 
(Accepted for publication November 15, 1932) 

Any one familiar with the literature of plant pathology in the United 
States will recall the frequency with which publications on the cause and 
control of a disease have included a statement of the importance of the 
disease, with an estimate, often expressed in dollars, of the losses which it 
was believed to cause. As is generally recognized, these estimates of crop 
losses were little more than guesses by informed and experienced observers, 
while the figures given in dollars were usually obtained by merely multi- 
plying the commercial units estimated as lost by the sale price per ton or 
per bushel received for that portion of the crop actually sold. 

WHY ^^DOLLAR^^ ESTIMATES ARE RARELY SIGNIFICANT 

Obviously so simple a method of computing dollar losses can no longer 
pass even for purposes of propaganda. It is now clearly realized that not 
all losses from disease are of equal commercial significance. The economic 
losses from decay of fruits and vegetables in transit and on the market are 
much greater than the actual percentage of loss, for they involve the costs 
of harvesting, packing and shipping, as well as frequent claims for damage, 
and often what is more serious, lowering of the general price level and 
slo wing-up of demand. 

Losses from disease in the field, on the other hand, while often large and 
sometimes of tragic significance, usually involve only reduction in crop. 
This condition while serious enough to the individual grower may not 
appear so to the industry as a whole. Indeed, some pathologists^ have gone 
so far as to suggest that Viewed from the standpoint of the whole indus- 
try, the presence of these diseases is perhaps indirectly a benefit in its 
ultimate effect, since it serves as one of the natural checks on overproduc- 
tion.’’ Obviously, the difficulties in arriving at a fair understanding of the 
complex economic factors involved are too great to make possible even a 
reasonable approximation to dollar estimates of crop losses. 

THE CROP LOSS ESTIMATES COMPILED BY THE PLANT DISEASE SURVEY 

With the formal organization of the Plant Disease Survey in 1916 and 
under the stimulus of the demand for foodstuffs occasioned by war condi- 
tions an attempt was made to collect on a national basis estimates of losses 

1 Fawcett, H. S. and H. A. Lee. Citrus diseases and their control. 583 pp. Mc- 
Graw-Hill Book Co., Inc., New York. 1926. (p. 1.) 
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due to disease in agricultural crops. The plan of operation, which has been 
continued to the present time, was to assemble from working pathologists 
throughout the United States, chiefly from the collaborators of the Plant 
Disease Survey, estimates in per cent of losses due to various diseases 
within their localities. The data obtained from all these sources were 
combined and preliminary estimates were sent to collaborators and to 
pathologists of the Bureau of Plant Industry for their final criticism and 
revision. 

In these tabulations the losses were expressed in percentages of the total 
crop and in amount (in commercial units) of reduction in yield due to 
diseases. Reduction in yield was calculated by considering the production 
for the year as 100 per cent minus the percentage of loss from disease. The 
average estimated percentages of loss for the United States were obtained 
by dividing the total reduction due to all diseases by the sum of the known 
production plus the estimated reduction. This method was the one then 
followed by the Bureau of Crop Estimates. In spite of their admitted 
limitations, these estimates are probably the best that can be assembled for 
the period and will have decided historic interest as showing which diseases 
were considered most important by American students of plant diseases 
during this decade. 

Finally, in 1931, a series of maps and charts was prepared by Miss 
Jessie I. Wood, which included the most complete reports of some of the 



Fig. 1. Average estiirtated losses in wheat from bunt in various States. 1925 to 
1929. States not shaded did not report regularly. 
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commoner and better-known diseases. These charts were distributed to 
pathologists for comments and suggestions. On the basis of these comments 
and onr own study, 3 of these crop estimates have been selected that appear 
to be particularly significant or that can be checked by some other wholly 
independent method of estimating disease loss. 

BUNT OF WHEAT 

The estimates of losses from bunt of wheat for the 10-year period 1920- 
1929 are based on the reports from only 20 States and from this list some 
of the important wheat-producing areas are lacking. Prom 1925 to 1929 
reports were, however, more numerous and as the reporting States are w^ell 
scattered it seems probable that the figures are fairly representative. 

(Pig. 1.) 

There is, moreover, supplemental evidence that the curve (Pig. 2) of 
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Fig. 2. Estimated losses in wheat due to bunt for the reporting area as a whole. 
1920 to 1929. Average loss for the entire period is shown by the dotted line. 

loss for the 10-year period is significant in its main features, that is, low 
losses up to and including 1923 and relatively high losses for 1924, 1926, 
and 1927, with somewhat lower figures for 1925, and since 1927. This 
evidence is found in the summary of information on Smutty Wheat com- 
piled by B. G. Boerner, R. J. Haskell, and P. G, Meier. This summary 
consists of an analysis of the information on smutty wheat contained in the 
monthly reports of grain inspections for the United States as submitted by 
the various offices of Pederal Grain Supervision of the Bureau of Agri- 
cultural Economics. The curve (Pig. 3) is made up of a simple average 
of the percentage of ears grading smutty at 15 important markets, from 
which reports are available for each of the years included. No doubt a 
weighted average that took into consideration the number of cars handled 
at each market would be more correct mathematically, but a simple average 
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Pig. 4. Average estimated losses in peaches due to brown rot. 1920 to 1929. 
States not shaded did not report regularly. 
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Fig. 3. Eelative abundance of bunt in cars of wheat received at 15 important 
markets expressed as a simple average of percentage of cars which graded smutty. 1923 
to 1929. 
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shows as close a parallel as can be expected from figures derived from such 
widely different sources. 

PEACH BROWN EOT 

In tlie eastern part of the United States the losses from brown rot of 
peaches are, as is well known, much more serious in the Southern than in 

the Northern States. This appears on the map. (Pig- 4.) ^ 

The significance of the curves of estimated losses from peach brown rot 
(Pig. 5) is attested by a comparison with the curve based on the reports 



of the Pood Products Inspection Service of the Bureau of Agricultural 

Economics. (Pig. 6.) In connection with a study of spoilage of stone 

fruits on the market, Brooks^ analyzed these reports over the period of 
1922-1928, inclusive, and published a careful tabulation of the results. 
These figures include the results of the inspection of over 7,000 cars of 
peaches. The actual number inspected in a single year varied from 752 in 
1925 to 1,399 in 1928. 

2 Brooks, Charles. Spoilage of stone fruits on the market. IT. S. Dept. Agr. Cire. 
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P£^C// BPO/TA/^ POT 

Pig. 6. Relative ab-undanee of brown rot of peacbes, 1922 to 1928, as sbowii by 
reports of tlie Pood Products Inspection Service, expressed in the number of ears showing 
more than 10 per cent brown rot per 10,000 cars inspected. 

The curve (Pig. 6) is based on Brooks^ table and gives the percentage 
of ears inspected each year that showed over 10 per cent brown rot. The 
two curves thus deal with the same disease but are derived from wholly 
different sources. It must then be of significance that they show the same 
general trend — a sharp decline in losses from 1920 or 1922 to 1925, followed 
by a marked rise after that date. 

CAUSES FOR THE FIiUCTUATION IN BROWN ROT 

Reference to the map shows the degree to which brown rot in the South- 
ern States exceeds that farther north. Among these States, Georgia is pre- 
eminent in peach production ; so great is this predominance that develop- 
ments in this State overshadow ail the others in the averages. J. W. Rob- 
erts’ review of conditions in Georgia, which follows, appears to furnish a 
satisfactory explanation of the trend of the curves in figures 5 and 6. 

Undoubtedly a considerable amount of the brown rot in 1920 was due 
to carelessness in spraying. In 1917 and 1918, in Georgia, there was almost 
no brown rot and no cureulio. The impression became very general among 
growers that these pests had been practically eliminated. Spraying in 1919 
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and 1920 was of the most casual nature, and in 1920 both brown rot and 
curculio were very bad. In 1921, a serious spraying campaign was under- 
taken, the effects of which are plainly evident during the succeeding years, 
1921 to 1926, inclusive. With the coming, however, of lower prices for 
peaches and the severe economic conditions of 1927 and the following years, 
there was a decided reduction in control activities and a corresponding 
increase in disease. (Unpublished memorandum.) 

STORAGE ROTS OF SWEET POTATO 

Losses to sweet potatoes from decay in storage have been the subject of 
careful study and have long been recognized as important. This was the 
only crop in which losses in storage were reported in sufficient detail to 
warrant compilation. The map (Fig. 7) is based on the reports of col- 


S^££r P07>9r0 
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Fig. 7. Estimated losses to sweet potatoes, due to storage rots for the reporting 
area as a whole. 1920 to 1929. States not shaded did not report regularly. 

laborators, except for Alabama, which was interpolated on the advice of 
L. L. Harter. 

The curve of storage losses (Fig. 8) apparently furnishes an example 
of the significance of extension work in plant pathology where elective 
control measures are known. Keduction of storage losses in sweet potatoes 
may be brought about by careful handling and drying of the potatoes after 
they are harvested, and the maintenance of proper temperature and humid- 
ity in the storage house. Storage losses also are materially reduced by the 
elimination of black rot and other diseases as a result of seed selection, seed 
treatment, and the application of other sanitary measures. 

By 1920 the seriousness of the losses was fully recognized and the meth- 
ods of control well known. An intensive campaign for their reduction, 
led by Dr. Harter, and no less effective for not being formally organized, 
was begun by Federal and State pathologists at this time. Early in 1922, 
P. C. Meier was made Extension Pathologist and took up the reduction 
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Pig. 8. Average estimated losses in sweet potatoes due to storage rots. 1920 to 


of losses from rot in storage of sweet potatoes as one of his main projects. 
The result of these combined efforts was that in the 3-year period, 1920 to 
1923, losses were reduced more than one half. The low level was main- 
tained essentially unchanged for several years. 

It should not be supposed that 1920, the first year shown on the chart, 
was characterized by unusually high losses from storage rot of sweet pota- 
toes; in fact, losses estimated for that year are lower than for any of the 
few preceding years available. The average estimated losses for 1917, 
1918, and 1919 were almost 28 per cent as against 23 per cent for 1920. 
In other words, the reduction shown on the chart indicates a new level as 
compared with that of the earlier period. 

By 1926, however, Meier had diverted much of his attention to wheat- 
smut control, Harter had undertaken a study of bean diseases as his chief 
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project, and the low price of sweet potatoes had reduced the interest of the 
growers. A general increase in losses from storage rot followed. 

ESTIMATES OP LOSSES FROM DECAY IN FOREST PRODUCTS 

The emphasis here placed on estimates of losses from a few diseases that 
may be checked in more than one way should not be interpreted as meaning 
lack of interest in other types of estimates. Almost any sincere estimate 
by an informed observer has at least comparative value. Certain types of 
losses of great interest to pathologists are more easily measured than losses 
to growing crops. Examples of this are the losses by decay of fruits and 
vegetables in transit, which have been made the subject of several special 
studies, and even more conspicuously the losses from decay in certain forest 
products. Colley^ has devoted to this subject a considerable amount of 
study, the results of which are largely unpublished, but certain of his 
estimates quoted below are typical. 


TABLE 1 . — Estimated annual loss resulting from decay in forest products 


Estimated quantity of timber removed from 
forests of the United States 

Estimated annual loss from decay 

Kind of material 

Equivalent in 
standing timber 

in cubic feet 

... : ■ 

Equivalent in 
standing timber 
in cubic feet 

Approximate 
per cent 

Ties, sawed and hewed 

1,320,000,000 

660,000,000 

50.0 

Pence posts 

1,800,000,000 

900,000,000 

50.0 

Poles 1 

55,250,000 

27,625,000 

50.0 


Most of the other estimates in the same table are of almost equal sig- 
nificance but those given will serve as examples. 


TOTAL YIELD AS AN INDICATION OP LOSS FROM DISEASE 

Ordinarily so many factors other than disease, such as acreage and 
’ weather enter into total yields that it is not possible to relate yield directly 

to disease losses. There has recently been published, however, a report on 
cranberry production in New Jersey, which seems to be of direct significance 
in connection with the incidence of disease. 

The smoothed curve of total cranberry yields (Fig. 9) in New Jersey 
prepared by Wilcox, but not published in his paper, indicates a fairly con- 

5 Colley, Eeginald H. Utilization and conservation of tlie timber supply. Science, 
^ n. s. 61: 107-109. 1925.' 
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plotted ill terms of the maximum crop of the period. The decline since 1923 is due 
almost entirely to the inroads of the false-blossom disease. 

stant increase in yield from 1915 to 1923 followed by rapid and continued 
decline after that time. The significance of the production curve has been 
discussed by "Wilcox,^ and it is necessary here only to point out that the 
increase up to 1923 was largely due to the coming into bearing of newly 
planted areas, combined with the improved control of insects and fruit rots, 
and that the decline since 1923 has been chiefly if not solely due to the 
inroads of the false-blossom disease, particularly on comparatively recent 
plantings of Howes and older areas of native Jerseys. 

The continued decline over a period of 8 years in the production of a 
standard fruit crop in the face of satisfactory, even increased, prices for 
the product furnishes perhaps the most striking possible evidence of the 
severity of this particular disease. To find a parallel it would be necessary 
to go back to the even more serious inroads of peach yellows in the Delaware 
Peninsula and the Blue Pidge regions in the last decade of the nineteenth 
century. 

Division OP Mycology and Disease Survey, 

Bureau op Plant Industry, U. S. Dept. Agr., 

Washington, D. C. 

4 Wilcox, R. B. Adjustments to false blossom in New Jersey. Proc. Amex. Oran 
berry Grow. Assoc. 63: 7-11, 14-15. 1932. 






OBSERVATIONS ON TOLYPOSPORIUM PILIPERUM, CAUSE OP 
^ ^ LONG SMUT" ^ OP SORGHUM" 


M . jsr . K A M A T 

(Accepted for publication Marelx 8, 1933) 


The long smut of sorghum {Tolyposporiiim filiferum Bns&e) was first 
described from East Africa in 1904 by Busse (3), who collected it from 
various parts of Tanganyika Territory, where it apparently did little 
damage. Barber (1) probably had this smut in mind when he described 
3 smuts as occurring in the Madras Presidency, India, as the symptoms he 


Pig. 1. Gross effects produced by Tolypospormm filiferum on sorghum. Note the 
long sori. 

1 The work reported in this paper was done in the laboratory of Plant Pathology, 
University of Minnesota. The writer is grateful to Dr. E. C. Stakman for the facilities 
and help afforded him during the investigation. 
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described coincide with those produced by this smut. Kulkarni (5) reports 
long smut from Bombay, India, and states that it is confined mostly to the 
extreme northern sections, particularly Sindh, but sometimes occurs in 
Kathiawar. He states that it causes heavy losses locally in certain years, 
although, in general, it is not considered a destructive disease. 

Thomas (7) mentions the occurrence of long smut in Mesopotamia, and, 
according to BritomJones (2), it is common in Egypt, It has not yet been 
reported from the United States. Figure 1 shows the gross effect produced 
by this disease on sorghum. 

Although long smut has been studied by Busse and Kulkarni, many 
essential points are lacking in our knowledge of the reaction of the pathogen 
to its environment. The investigation reported in the present paper in- 
cludes a study of certain factors that influence the germination of chlamy- 
dospores, and it also includes a study of cultural characteristics of the 
of the organism on nutrient media. 


SPORE GERMINATION 

Kulkarni (5) obtained germination in water, dung solution, tomato 
broth, and glucose-peptone solution. Busse (3), on the other hand, reports 
germination only in the last solution. While Kulkarni (5) reports germi- 
nation by both promycelium and germ tube, his figures illustrate only the 
former type. Busse (3) reported formation of long chains of aerial conidia 


TABLE l.—The percentage and type of germination of clilamydospore clusters of 
'Tolyposporium flliferum on severed hinds of solid and liquid media at ^8^ G. 


■ ' ■ ' . ■ ■ '■ i 

TNJa a-P 

Percentage of germination 

Medium 

spore balls 

By pro- 
mycelium 

By direct 
tube 

Total 

1 per cent potato-dextrose agar.,. 

81 

14 

82 

96 

Hung agar 

78 

12 

53 

65 

Carrot agar 

102 

33 

■ '57 

90 

Nonnutrient agar 

72 

. 4 

79 

83 

One per cent lactose 

255 

50 

12 

62 

One per cent maltose 

279 

46 

24 

70 

One per cent dextrose 

276 

48 

13 

61 

Knopfs solution 

no 



tr. 

Sterilized distilled water 

375 

86 

2 

88 
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on the surface of a culture. Since extensive observations have not been 
recorded, the writer made a detailed study of germination. 

Material for study was obtained from Bombay, India,^ collected from 
the 1931 crop in Sindh. Germination tests were made both in Syracuse 
dishes and in hanging drops. The latter method was exclusively used for 
solid media. This was done by picking chlamydospore clusters from a dry 
coverslip and placing them on drops of various solid media with the help 
of a Zeiss micromanipulator. Observations and counts were made at the 
end of 48 hours. All the germination studies were made at 28° C. Several 
media were tried and the data obtained are tabulated in table 1. 

The chlamydospores usually germinated readily on the solid and liquid 
media, and in sterilized water. All the chlamydospores in a spore ball 
frequently germinated but isolated individual chlamydospores germinated 
very capriciously. In the numerous trials made not more than 10 per cent 
of isolated single chlamydospores germinated. 



Pig. 2. Diagrams of various stages and types of germination of eWamydospores 
of TolypospoHum fiUfemm at 28° C. A, B, and D in sterile distilled water and C and 
E on 1 per cent potato-dextrose agar. 

It is evident from table 1 that the percentage of germination on dung 
agar was much lower than on the other solid media, possibly because of its 
higher acidity. Germination was much more vigorous, as measured by the 
length of tubes, on 1 per cent potato-dextrose agar, carrot agar, and on the 
nonnutrient agar. As a rule, typical promycelia and sporidia were formed 
2 The writer is grateful to Dr. B. N. Uppal, Plant Pathologist, Agrienltural College, 
Poona, India, for the supply of chlamydospores. 
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Two types of germination in 
:ers. B. Aerial conidia borne 


A. Aerial 


-*■ Liviii, jio'ij crum. 
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most often in liquid media and especially in sterilized distilled water (Fig. 
2, B and D); wliile on solid media tlie cMamydospores commonly produced 
germ tubes, which branched laterally, forming aerial conidia, either in long 
chains (Fig. 3, B) or in clusters at ends of short, pointed, thorn-like 
branches (Figs. 2, E ; 3, A). The former method of conidial formation ap- 
parently was favored by a relatively dry environment, while the latter type 
was induced by a moist medium. 

Striking variations were noticed in the promycelial type of germination. 
The promyeelium was generally quadricellular, but sometimes tricellular, 
and, in some eases, promycelia of 5 and 6 cells were observed. The sporidia 
were spindle-shape and from 8 to 24 p long. They were formed both 
laterally and terminally, often in clusters at single points and on both sides 
of the promycelium; in some cases, they were formed directly from the 
chlamydospore, without the formation of a promycelium. The aerial 
conidia were much shorter and measured from 4 to 8 p in length. 

Studies were made to determine the cardinal temperatures for the ger- 
mination of chlamydospores. One per cent potato-dextrose agar and steri- 
lized distilled water were used for these tests. The results are summarized 
in table 2. 

The data indicate that optimum temperature for germination of chlamy- 
dospores is about 28° C. However, the percentage of germination at 33° C. 
was almost as high as at 28° C. The minimum was between 10 and 13° C., 
while the maximum was a little above 39° C. 


TABLE 2 . — Percentage of germination of chlamydospores of Tolyposporiiim 
filiferum in one per cent potato-dextrose agar and in sterilised distilled water at different 
temperatures 


Temperature 
ill °C. 

One per cent potato- 
dextrose agar 

Sterilized distilled water 

No. of 
spores 

Percentage 

germination 

No. of 
spores 

Percentage 

germination 

10 

104 

0 

85 

0 

13 

60 

50 

0 


15 

70 

52 

92 

33 

20 : 1 

180 

59 

102 i 

69 

25 

82 

83 :: 

148 

73 

28 

108 

91 

105 

■ 82 

33 

120 

88 

98 

78 - 

36 

80 

31 

80 

19 

39 

.75/. 

8 

65 

tr. 


I 





I'm. 4. Growtli of monosporidiaJ line 16-2 at end of 10 days, 
potato-dextrose agar. B. On carrot agar. Note sectors. 
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CtTLTTJKAL CHARACTBES 

Approximately 100 monosporidial lines of Tolyposporium fiUferimi were 
isolated and studied to some extent. The method of isolation was essen- 
tially that used by Hanna (4). The sporidia were numbered 1, 2, 3, and 
4 in order from the tip of the promycelium to chlamydospore. Sometimes 
it was difficult definitely to locate the position, because of the clusters of 
sporidia produced at each point, in which case, letters a, b, c, etc., were 
used for designating such lines. A number also was assigned to an indi- 
vidual chlamydospore whenever a culture was made from it. Thus 16-1 
refers to a line that originated from the tip cell of the promycelium of 
chlamydospore No. 16. 

Several media, such as carrot agar, carrot agar -i- 1 per cent dextrose, 
nonnutrient agar, dung agar, and Brown’s artificial potato agar were tried 
in addition to 1 per cent potato-dextrose agar. None of them promoted 
good growth except the last one. On carrot agar the growth was slow and 
the diameter of the colony small. On carrot agar to which 1 per cent dex- 
trose was added the growth was still meager. On nonnutrient agar, the 
growth was very slow, flat radial, silken in texture, and white myceloid. 

Figure 4 shows the comparative growth of line 16-2 in 1 per cent potato- 
dextrose agar and in carrot agar imder standard conditions. There was a 
marked tendency for sectoring on carrot agar. These wedge-shape sectors 
were usually smooth, mycelioid, and so membranous in consistency that it 
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was difficult to make transfers from suck sectors except by cutting pieces 
witk a skarp spatula. 

Most of tke monosporidial lines isolated skewed no marked differences 
in tkeir cultural ckaracters wken grown on several different kinds of media. 
A few, kowever, were distinctly different. Four of tkese lines and one 
monocklamydospore culture were selected for furtker study. 

Tke cultural characteristics of 5 lines of smut on 1 per cent potato- 
dextrose agar are given in table 3. Tke apparent differences were chiefly 

TABLE Z,— Cultural characteristics of five lines of Tolypospormm fliferum grown 
on 1 per cent potato-dextrose agar for 9 days at C. 


Line 

Colora 

Topography 

Surface 

Margin 

Consistency 

Diameter 
of colony 
in mm. 

19 

Pale cinna- 
mon pink 

Raised 

Broadly ridged 

Dull 

Lobate 

Membranous 

40.0 

16-2 

Buff 

Raised 

Finely ridged 

Dull 

Wavy 

i Membranous 

50.0 

11-1 

Pale cinna- 
mon pink 

Rugose 

Broadly ridged 

Dull 

Lobate 

Leathery 

50.0 

20-2 

Pale cinna- 
mon pink 

1 , 

Raised 

Broadly ridged 

Waxy 

Lobate 

Yeastoid 

37.0 

13-a 

Ivory yel- 
low 

Raised 
Broadly and 
deeply furrowed 

W'axy 

Broadly 

lobate 

Yeastoid 

40.0 


a According to color standards and nomenclature of Ridgway (6). 

in color, consistency, margin, and topography of colonies. Certain lines 
also could be distinguished by their rate of growth at different tempera- 
tures. 

The effect of temperature on tke rate and type of growth of the 5 cul- 
tures on 1 per cent potato-dextrose agar was determined. Flasks of 250 
cc. capacity, witk 40 cc. of medium, were inoculated in duplicate and were 
incubated in tke dark and kept at different temperatures. At higher tem- 
peratures, as a general rule, tke colonies tended to be membranous in con- 
sistency, much paler in color, with less distinct and more regular margin, 
and the ridges were finer than those at lower temperatures. At lower tem- 
peratures, namely, between 20° C. and 25° C., the cultures were brighter in 
color, raised, and deeply and broadly ridged in topography; the margin 
was broadly lobed, and the consistency yeast-like. 

Two monosporidial lines, 16-2 and 13-d, showed very marked differences 
in their rate of growth ; line 16-2 grew much more rapidly than did line 
13-d. This difference was maintained at all the temperatures in all the 
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trials nude. Tlie temperature range for growth of line 13~d was 13° C. 
to 36° C. ; it was 10° C. to 39° + C. for line 16-2. The optimum tempera- 
ture for line 13-d lies between 28° C. and 33° C., while that for line 16-2 
is between 33° C. and 36° C. 

It would appear that the optimum temperature for growth in culture 
is not the same as for chlamydospore germination. Lines 13-d, 19, and 
20-2 showed very close agreement between the germination tests made on 
potato-dextrose agar, while 16-2 and 11-1 had higher optimums as well 
as wider growth ranges. No definite cardinal temperatures, therefore, could 
be determined, since there was so wide a Yariation between lines. In gen- 
eral, however, it can be said that the optimum for growth in culture lies 
between 28° C. and 36° C. 

SUMMARY 

Tolyposporhim filiferum, causing long smut of sorghum, is sometimes 
destructive in certain parts of India, but it has not been reported from the 
United States. 

Chlamydospores of long smut germinate readily on many different 
types of medium and over a wide temperature range. In water and in 
liquid nutrients typical promycelia are usually developed, while on solid 
media the chlamydospores commonly produce a germ-tube-like growth, 
which branches and forms aerial conidia either in long chains or clusters. 

Approximately 100 monosporidial lines were isolated and studied cul- 
turally on solid nutrient media. Most of these smut lines were alike; a 
few, however, differed strikingly from each other in the following cultural 
eharaeteristies : color, eonsisteney, margin, surface, topography, and rate of 
growth of the colonies. ‘Wedge-shape sectors were frequently observed in 
monosporidial lines when grown on certain nutrient media. 

The influence of temperature on growth in culture varied with the dif- 
ferent lines, but the optimum temperature for growth of all lines studied 
lies between 28° and 36° G. 
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BOTEYTIS CINEEEA AS A CAUSE OP POTATO TUBER EOT 

D 0 N ALD BoL S OM 
(Accepted for publication January 26, 1933) 


Petliybridge (14, pp. 577-578), in 1916, while discussing the Botryiis 
; cinerea blight of potato vines in Ireland, stated that this fungus does not 

i affect the tubers. However, it is of interest that, from tubers affected with 

a ^Svatery’^ or glassy’^ rot, he sometimes isolated ‘‘pure cultures of a 
Botrytis which appeared to be identical with B. cinerea’^ (14, p. 591). 

: He states that “this form of rot . . . has only been found to occur in . , . 

tubers which . . . remain attached to the parent plant at the time of dig- 
ging,’’ and “no infection experiments were made with the Botrytis, as 
t previous trials with the same fungus isolated from leaves gave negative 

results” (14, p. 591). 

The apparent immunity of the tubers is again pointed out by Cotton 
in 1919 (9, p. 43). Browm (8, p. 291), in 1922, related that potato-tuber 
tissue gives off* volatile substances that retard the germination of spores of 
^ Botrytis cinerea. He concluded that the atmosphere of a potato storage 

place is very unfavorable to Botrytis germination (8, p. 298) but points out 
that ‘ ‘ as regards the effect of volatile constituents of the plant on the growth 
of the fungus, once the latter is inside, little can be said at present” (8, p. 
298). 

The isolation of a Botrytis in pure culture from several soft-rotted 
tubers stored in Maine was reported in 1927.^’^ 

The writer in the spring of 1932, while examining potato tubers 
I (Solanum tnlerosnm L.), of the Green Mountain variety, stored in a typi- 

cal potato cellar in northeastern Maine, found tubers with apparently a 
new kind of rot. The exterior of the tuber showed a flabbiness and a 
wrinkling of the skin that were more pronounced as one approached the 
stem end of the tuber. (Pig. 1, A and B.) A cut through the conspicuous 
junction of flabby and normal solid tissue disclosed a rot that was rather 
, soft, though not w^et tinless squeezed, and that was advancing in the 

interior and causing a temporary darkening of the flesh. (Pig. 1, B.) 
Where the rot had penetz-ated the tissues, the eyes were filled with tufts of 
gray mold (Pigs. 1, A, B, and 2, A) with which blue mold (Penicillium) 
was sometimes associated. Prom the “frontier” of the advancing rot, pure 
cultures of a Botrytis were readily isolated. With these cultures and others 

ITJ. S. Dept. Agr. Bur. Plant Ind., PI. Bis. Rprtr. 11; 54. (Mimeograplied.) 1927. 
2 Diseases of vegetable and field crops (other than cereals) in the United States in 
1927. XT. S. Dept. Agr, Bur. Plant Ind., PI. Bis. Rprtr. Sup, 61: 237. (Mimeo- 
graphed.) 1928. 
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Pig. 1. Green Mountain potatoes. A. Tuber from storage. Botrytis cinerea bad 
penetrated through tissues to X-X and emerged (G) from eyes. B. Like A except for 
cut. C. Half tuber like B except inoculated with pure culture. Keisolation effected 
from this lesion. 


of tlie same fungus^ in due time, tuber infection (Pigs. 1, C and 2, C) was 
obtained identical with that found in storage in 1932, as well as a more 
shallow, arrested kind of lesion (Pig. 2, B), with most of the surface Pink- 
ish Buff by Kidgway (15, PI. XXIX) or of color P-4, PL 10, in Maerz and 
Paul (11). 
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Fig. 2. Green Mountain potatoes. A. Tuber from storage. Botrytis cinerea had 
penetrated through tissues and emerged from eyes, B. Typical infection from pure cul- 
ture of Botrytis cinerea. Left, surface, and right, section, of lesion. C. Like Fig. 1, C, 
except exterior view. Wrinkled where fungus had penetrated through tissue. Eeisola- 
tion effected here also. 


Gultnres of the fungus were kindly examined by H. H. Wbetzel, who 
wrote that it was a Botrytis of the type, 

Pethybridge’s negative results in infection experiments may have been 
due to his not having the advantage of certain subsequent studies of the 
physiology of Botrytis as a pathogen. These studies (2; 3; 4^ 5; 6; 7; 8), 
and others on suberization in potato tubers (1, p. 996; 17, p. 28), induced 
the writer to use in his inoculations, vigorous young cultures in deep, fresh 



« Of Green Mountain variety except new tubers (Irish Cobbler) of series 2. 
b No checks infected. 

c With windows open in a generally rather humid climate, 
d Same as 3, but at a later date. 

« Sj)ore inoculations, others being the usual inyeelial, both kinds in this series being made in wounds only 1 cm. deex5. 
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wounds, closed tightly after inoenlation, and to keep some of the inoculated 
tubers in a damp chamber at about 5^ C. The cultures w^ere nonsporulat- 
ing ones that had been started with spore suspensions and grown several 
days on hard potato agar at about 20^^ C. Usually every second or third 
tuber in order was used as a check. The checks were treated in the same 
way as the inoculated tubers except for the absence of any fungus on the 
inoculating needle. The results of the writer’s inoculations are given in the 
following table. 

It is apparent from the table, in inoculation series 3, that deep rot, 
meaning by this an active penetration by the rot at a depth of 1 cm. or more, 
was increased somewhat by a lowering of the temperature and was increased 
distinctly by saturating the air. 

In these various inoculations there was no consistent difference between 
cultures originating from tubers in 1927, from leaves and stems in 1931, 
or from tubers in 1932. In the sixth series of inoculations, infection was 
produced similarly by 2 monosporic subcultures and a monohyphal sub- 
culture of a culture originating from a tuber in 1927. 

For reisolation in series 1, 8 tubers were used, of which one gave a 
sterile plate and the others Botryiis cinerea. Of the latter all were pure 
cultures except one, which was contaminated with bacteria. These reiso- 
lates were used for the majority of the inoculations in series 3 to 6. In 
series 3 and 4 together, reisolation in 19 days was attempted from only 8 
tubers, with positive results in pure culture in all instances. In 2 months, 
attempted reisolations were successful from 12 of the then tested 21 tubers. 
Among the remaining 9 failures were 3 that previously had given B. cinerea^ 
and 5 of the failures gave as many species of Fusarium. Apparently other 
fungi sometimes can crowd out B. cinerea. 

The diseased tubers found by the writer in storage in 1932 appeared to 
have been infected at the stem end. This, together with the previously 
quoted observation of Pethybridge on Botrytis tuber rot, indicates that tubers 
are infected chiefly or only by internal mycelium entering from infected 
stems through the stolons. This idea is supported further by the compara- 
tive failure of spore inoculations in the fifth inoculation series described 
above. In 1931, conditions favored the Botrytis blighting of potato leaves 
and stems in Maine so that in some fields this disease caused considerable 
injury and apparently caused more injury than any other. It seems prob- 
able that in the several regions characterized by the occurrence of severe 
Botrytis cinerea blight of potato foliage, namely, Maine,® Germany (10), 
Holland (16, pp. 144-146), Ireland (12; 13; 14, pp. 579-584), and England 
(9, pp. 42-43), close examination of tubers following such blight will dis- 

3 TJ. S. Dept. Agr. Bur. Plant Iiid., PI. Bis. Rprtr. 16: 15. 1932. (Mimeograplied.) 
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close other instances of tuber infection. Such infection may be somewhat 
masked by late-blight rot and accompanying rots, dne to the fact that late 
blight usually is epidemic in conditions favoring Botrytis blight (14, pp. 
579-584), 

SUMMABY 

Cultures of Botrytis cinerea isolated from actively expanding potato- 
tuber lesions produced the identical disease when inoculated into potato 
tubers under certain conditions and produced a characteristic shallow 
lesion under other conditions. Similar results were obtained with cultures 
of this fungus that had been isolated from soft-rotted tubers several years 
previously, from lesions on stems and leaves, and from the tubers infected 
experimentally; and with monosporic and monohyphal subcultures. My- 
celial cultures were much more effective than spores in producing infection. 
Prom the available data it is concluded that tuber infection probably oc- 
curs, following Botrytis blight of the foliage and stems, chiefly or solely as 
the result of internal mycelium entering from infected stems through the 
stolons. 

Maine Agricultueal Experiment Station, 

Orono, Maine. 
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PHYTOPATHOLOGICAL NOTES 

Pecans Infected with N ematospora coryli Pegl . — An organism identified 
as Nematospora coryli Pegl. was isolated from brown areas on kernels of 
pecan nuts in Florida, in January, 1933. (Pig. 1.) Tlie nuts from wMcb 
tlie organism was isolated bad been stored from two to tliree months. In 
pure cultures on potato-dextrose agar the organism is indistinguishable 
from similarly-grown cultures of A. coryli Pegl. previously isolated^ 
from orange, grapefruit, tangerine, satsuma, and tomato in Florida. This 
is apparently the first time the organism has been isolated from pecans and 
the only report of it on any variety of nuts except hazelnuts, as reported 
by Peglion^ in Italy. It has been reported from various parts of the 
world by pathologists’ on more than 20 other hosts. Investigations 


Fig. 1. A. Bisease-free half kernels of pecan. B. Half kernels infected with 
Nematospora coryli Pegl. and showing shriveled and darkened tissue. C. ^'Kernel spot^’ 
infections produced by certain sucking insects. 

1 Ashby, S. F., and W. Howell. The fungi of stigmatomycosis. Ann. Bot, 40 : 69- 
83. 1926. 

3 Fawcett, H. S., and H. A. Lee. Inspissosis or dry rot of fruit. Pp. 415-420. In 
Citrus diseases and their control. 582 pp. McGrraw-Hill Book Company, New York. 
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have not been made to determine whether this organism is involved in the 
shedding o£ nuts, which is often considerable, during the growing season. 

The infection cannot be detected until the shells are removed, when it 
is found on the convex outer portion of the kernels, usually originating on 
the tops of the convolutions or on the edges, of the half kernels. This is also 
true to a large extent of the discolored areas known as ‘‘kernel spot,’’ which 
has been shown^ to be caused by certain sucking insects. The brown 
color of the diseased area is very similar to the dark brown to black color 
of kernel spot, and in most instances the two are associated. The areas are 
slightly sunken and shrunken, showing a visible margin. The tissue below 
the diseased area is punky and is slightly brownish-stained. 

The mode of infection is of primary interest and until experimental data 
are available, it will be only hypothetical. Insects of the species causing 
kernel spot have been found feeding on numerous hosts, and Nemaiospora 
coryli has been isolated from necrotic areas on a score of them. It is very 
probable that the organism is carried by these sucking insects, resulting in 
the infection of the pecan kernels. — ^George P. Weber, University of Flor- 
ida, Gainesville, Florida. 


On the Pathogenicity of Wojnowicia graminis, — In Australia, Pittman^ 
and others state that Wojnowicia graminis (McAlp.) Sacc. causes a root 
rot of wheat plants, It is also reported as a wheat parasite in Europe by 
GuyoV Foex and Eosella,* Van de Laar,^ and others. 

While Wojnowicia apparently is considered as a parasite on 

wheat plants in Australia and Europe, it is thought to be a very 
weak pathogen, at best, in North America. Apart from the statements of 
McKinney^ in the United States and Fraser® in Ganada, that W, graminis 

2Demaree, J. B. Kernel-spot of the pecan and its cause. U. S. Dept. Agr. Bui. 
1102. 1922. 

1 Pittman, H. A. Some parasitic and non-parasitie causes of partial or complete 
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1347. 1925. 

epraser, W. P. Wojnowicia graminis. Rpt. Dominion Botanist (Canada) 1924- 
71. 1925. 
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by Dr. G. W. Carver, of Tuskegee, Alabama, wMcb prove to be Phyllaotmia 
corylea (Pers.) Karst. Tlie mycelial growth, of these specimens is sparse 
and patchy, bnt the few perithecia present are ctnite typical. However, the 
general aspect of the mildew caused by Phyllaetinia is quite different from 
that of the common crape-myrtle mildew. In the former only a thin, 
patchy growth of mycelium and conidia occurs; in the latter there is a 
heavy and general growth of mycelium and conidia that covers the leaves 
and stems with a thick, mealy coating.' In the numerous, collections of pow- 
dery mildew on crape myrtle examined in Florida, no perithecia of Phyl- 
lactinia have ever been found. Since Phyllaetinia is rather common in this 
State on several other hosts, it seems unlikely that its occurrence on crape 
myrtle would have passed unnoticed, unless it were rare. Further observa- 
tions are desirable, especially on the common crape-myrtle mildew, which 
was reported for years under the name of TJncinula australiaTia McAlp., 
either with or without an interrogation point. — ^Erdman West, Florida 
Agricultural Experiment Station, Gainesville, Florida. 
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Rawlins, Thomas Ellsworth. PJiytopaiJiological and Botanical Besearoh 

Methods, ix + 156 pp., 3 figs. John Wiley & Sons, Inc., New York. 

1933. Price $2.50. 

Methods of research and technique of plant pathology, botany, and other 
biological sciences are published in a large number of books, journals of all 
kinds, and often in obscure periodicals not generally read. Investigators, 
therefore, will welcome any attempt to bring together in a single volume in 
an orderly^ arrangement the methods that have* been found useful in re- 
search work. The volume bearing the above title is an attempt in this direc- 
tion. The author has not only drawn generously from the publications of 
research workers, but he has made liberal use of methods developed by him- 
self as a teacher and investigator. The book is divided into three paints as 
follows: Part I. Choosing and Planning a Research Project; Part II. Ex- 
perimental Methods ; Part III. Interpretation of Experigiental Results. 

Parts I and III are both short and probably contribute least to the value 
of the book. It is not easy to tell an investigator how to choose a project for 
work, if indeed he has any choice in the matter, or how to interpret the re- 
sults after they are obtained. Part II, on the other hand, includes a mass of 
data and serves as a source of information on methods and technique. The 
book spares the investigator either the necessity of memorizing the various 
methods to be applied in any particular line of work or that of searching 
for them in the published works of others. 

The author has probably made his greatest contribution in the chapter 
entitled ‘'Microscopic Methods,’’ and especially that part under micro- 
chemistry. Here he has collected in a concise form methods that may be 
employed by the investigator as type material in his comparative \vork. His 
statements and discussions are supported by citations of the work of other 
investigators in a similar field. As complete as the book is, some subjects 
regarded by the reviewer as important, unfortunately, have been omitted 
or only inadequately treated. For example, under culture media methods 
especially applicable for use in growing cultures to be used in soil inocula- 
tions are entirely disregarded. Again, under sterilization methods nothing 
is said about soil sterilization that is likely to be more difficult than the mas- 
tery of the autoclave to which he gives a paragraph. With the increasing 
interest and importance of diseases caused by soil-inhabiting organisms, a 
knowledge of soil sterilization and soil inoculation and management is espe- 
cially important, yet this phase of the subject is sparingly discussed. The 
very important subject of inoculating plants is given less than two pages. 
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This phase of phytopathology is highly important and more space could 
profitably have been given to a fuller discussion of methods and technique. 

The failure to obtain infection is often due not to a lack of parasitism 
of a particular organism but to a lack of the proper relation of the host with 
respect to temperature and humidity. Temperature and water content of 
the soil also are governing factors in the infection by soil organisms. The 
importance of air temperature and moisture and temperature and water 
content of the soil in relation to infection and methods for their control 
might very profitably have been treated at some length. 

The book closes with 960 citations and an excellent index. There is no 
question of the amount of work involved in working through such a large 
number of articles and extracting therefrom methods that contribute to 
phytopathological science. The citations are well chosen and themselves 
classified under — 1, Histology and Cytology ; 2, Microchemistry ; 3, Cultural 
Methods; 4, Viruses; 5, Miscellaneous Methods; 6, Interpretation of Experi- 
mental Kesults. 

On the whole the book is excellent and deserves, for ready reference, a 
place on the shelf of all phytopathologists and others engaged in botanical 
research.— L, L. Harter, Washington, D, C. 

Baber, Oran. Principles of Plant Physiology, vii + 432 pp., 29 figs. Edi- 
tion II Bevised, Macmillan Co. New York. 1933. Price $3,50. 

This is a revised and enlarged edition of the excellent elementary text, 
which was first published in 1928. The number of chapters has been in- 
creased from 31 to 33 and the number of pages from 377 to 427. The chap- 
ter headings remain very much the same as they were in the first edition, 
except the chapters on Growth and Beproduction. The former has been 
divided into two chapters, ‘ ^ General Gharacteristies of Growth’^ and “ Spe- 
cific Growth Factors^’ and the latter into two chapters “Beproduction^’ and 
“Beproductiveness and Seed Germination.” New sections have been added 
on hydrogen-ion concentration and photoperiodism, while rather extensive 
additions have been made to other topics in discussing them more inten- 
sively or in bringing them up to date. 

It is always a question to the teacher of any subject how much of related 
matters should be included in the presentation of the material in his special 
field. It is thus a moot question how much of subjects that are vehicles of 
expressing physiological facts should be discussed in a text on plant physi- 
ology. It is doubtful if colloids and hydrogen-ion concentration can be so 
adequately expressed as to be of much benefit to a student in a page or two 
of an elementary text on plant physiology. A student who elects or is re- 
quired to take elementary physiology should have been exposed sufficiently 
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to these topics in a general way in elementary ehemistry so that little or no 
mention of them should b^e necessary. 

To the reviewer, it seems that, in the discussion of the cell in Chapter II, 
too much emphasis and space are devoted to the subject of colloids and too 
little to the morphological entities of the cell. The relationships of colloidal 
behavior to'" the activities of the cell have been much over-emphasized by 
plant physiologists, for, in the last analysis, our knowledge of these relation- 
ships is very meager indeed. 

The references to literature made in the text simply by citing the 
author’s name and the date, without their being listed elsew^here in the book, 
are very confusing to those who desire to inform themselves further on the 
topic under consideration. Few indeed, if any, are the teachers who can 
recall from their knowledge of the literature the significance or importance 
of these citations by such abridged references. A footnote simply stating 
the volume and page of the reference would be an invaluable aid to the 
teacher as well as to the student. 

The adverse criticisms that have been offered should, however, be given 
, only minor consideration in view of the excellent presentation in an ele- 
mentary way of the various topics of plant physiology. The writer knows 
from experience that it is much easier for a reviewer to criticize a text ad- 
versely than it is to write a text that is above criticism. 

The author shows the aptitude of the teacher by missing no opportunity 
to cite the relationships of his subject to human affairs. This is one of the 
" keys that always unlocks the door to the interest of the student. The list of 
thought-provocative questions hit the end of each chapter is well chosen and 
will further incur the interest of the student in the subject. 

The text throughout is written in a clear and concise manner and in a 
simple style that is easy for a student to follow. The context is well-bal- 
anced and no undue emphasis is placed on any topic, while the whole field of 
plant physiology is brought before the reader. 

The advanced student in plant physiology would do well to read the 
text, for, by so doing, he would obtain a well-presented summary of that 

field. ■ 

^ The book in its content and in the manner of its presentation is a valu- 
able contribution to the literature of elem^entary plant physiology. — ^E dwin 
C. MHiLER, Kansas State College, Manhattan, Kansas. 



